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PREFACE. 






\ The author's purpose in preparing this work has 

*^ been to furnish an elementary text-book on Physics, 

J that should enable pupils to become thoroughly familiar 

^ with its rudimentary principles, rather than to make an 

^ exhaustive study of the subject for advanced students 

» or specialists. Great care has been taken to insure 

J correctness, and it is hoped that the book will be found 

^accurate. Should any errors have escaped attention, 

» the author will be glad to receive notification of them 

r* for correction before future editions are published. 

"^ ' September, 1894. 
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SUGGESTIONS FOR TEACHERS. 



1. Do not attempt to perform, or have performed, all of the ex- 
X)eriments in this book the first time you take a class through it. 

2. As fast as you can, substitute experiments of your own, here 
and there, throughout the book for those of the text. Experiments 
in which you have a x>ersonaI interest will be more profitable to your 
class. 

3. Keep in an accessible place copies of other high school text- 
books on Physics, and require each pupil to read from some one of 
them the chapter on the subject in hand. Carhart and Chute's, 
Avery's, Hall and Bergen's, Gage's, and Steele's text-books 
are good books for this purpose. For larger works of reference may 
be mentioned the latest editions of the following: Olmsted's " Col- 
lege Philosophy," Ganot's "Physics," Deschanel's "Natural 
Philosophy," Houston's "Electrical Dictionary," " The Century 
Dictionary," and others referred to in the text. 

4. This text-book should be supplemented by quantitative exper- 
iments carefully selected by the teacher from laboratory manuals. 
Among these can be mentioned Chute's (latest edition), Allen's, 
Gage's, and Shaw's. The laboratory work should be principally 
quantitive. Not what is present merely, but Iioio much of it is pres- 
ent, is the question to be answered. The new Physics measures 
everything. In adopting " laboratory methods," do not throw away 
text-book and lecture-room. Three hours to the laboratory and two 
hours for text-book and lecture-room is perhaps a proper division of 
the time. Periods of two hours in length will usually be more con- 
venient for laboratory work. 

5. In the first part of this book an abbreviated "note-taking" 
language is used in the fine print of the experiments, the repetition 
of articles and objectives being omitted where tlio sense is plain. In 
tbp '-♦♦o|. part of the book the language is not thus abbreviated. 
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SUGGESTIONS FOR TEACHERS. 5 

Two note-books in the laboratory may be kept, — one a cheap rough 
one, in which abbreviations may be freely allowed, and detailed com- 
putations made ; the other should be carefully written out as an ex- 
ercise in both Physics and English, no abbreviated language being 
allowed, except in head-lines and in table work. No leaves should 
^e torn from either note-book. Neither note-book should he taken 
Mm the laboratory between the hours of work, and both should be 
preserved. The lead pencil used in writing the second note-book 
should be carefully selected as to hardness, not being so soft that 
the lead on slight rubbing soils the page, nor so hard that the 
writing is read with difficulty. Sections of the apparatus used 
should be inserted, and a definite system of arranging the data 
adopted. Suggestions in respect to these and other points will be 
found in laboratory manuals. 

6. Secure a copy of the report of the " Committee of Ten," and 
sfets of questions used by the universities in examining candidates 
for admission upon the subject of Physics. 

7. Visit some secondary school which has a good physical labora- 
tory; also the physical laboratory of the nearest university. 

8. Read carefully Section I. of the Appendix before proceeding 
far in the text. 

9. Allow the pupils to assist you in making apparatus, or, better 
still, assist them in making their own apparatus. 

10. Have confidence in your own integrity and ability. Do not 
underestimate your work. Do not overestimate it. Be ready to 
learn from any source, but do not take every new thing offered. Be 
a progressive conservative. 

11. Do not be afraid to confess, in answer to questions, that you 
do not know, but inform yourself at once if the information is worth 
the seeking. Do not allow useless questions to take up time, and in 
general allow no questions, except upon the subject in hand. You 
will accomplish more by taking up matters in proper order. 
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ELEMENTS OF PHYSICS. 



CHAPTER I. 
INTRODUCTION. 
Anything which occupies space is matter. 

Exp. 1. — Invert a tumbler and press it downward into a dish of 
water. The water does not enter and fill the tumbler, because the 
space is already occupied by air. 

Exp. 2. — Float a short piece of candle on cork in water. Light 
candle and cover with inverted tumbler. What very soon happens ? 

Matter may exist in an inyisible state, but as all 
visible matter is not the same kind of matter, so all 
invisible matter is not the same kind of matter. The 
tiunbler full of invisible matter in which the candle at 
first burned was certainly very 'different from the invis- 
ible matter in which at last the candle would not burn. 
Students who have studied chemistry will remember 
that most gases are invisible. 

A substance is some particular kind of matter; as, salt, iron, 
marble. • 

A body is some definite portion of matter; as, a ball, a table, a 
stone. 

A Force is a push or a pull exerted upon anything. 
The force exerted by animals is called muscular force. 

7 



8 ELEMENTS OF PHYSICS. 

Examples of otlier forces will appear as we study the 
various causes of the "pushes" and "pulls" observed 
in natui'e. 

Work is overcoming resistance. 

Energy is tlie ability to do work or to overcome 

resistance. 

Physics treats of matter and force, or of matter as a 
medium for the operation of energy. In the restricted 
sense of school text-books, Phjnsics does not treat of 
matter as related to life (biology) nor of changes in 
matter which alter its atomic condition ; that is, which 
make the particular kind of matter a different kind of 
matter, or make out of it different substances (chem- 
istry). It does, however, take note of the force or 
energy accompanying such changes. It leaves to min- 
eralogy the study of minerals ; to geology, the study 
of the earth's structure and physical history; and to 
astronomy, the study of matter considered as related to 
that community called " heavenly bodies," of which the 
earth as a planet is one. Other subjects upon which 
school text-books are written might be mentioned. In- 
deed, all related "studies" are continuously running 
beyond their own boundaries and trespassmg upon one 
another's territory. 



GENERAL PROPERTIES OF MATTER. 
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CHAPTER 11. 



GENERAL PROPERTIES OP MATTER. 



. 3. — Measure the length, breadth, and thick- 
a piece of wood of right-angled cross section, 
id its volume (space occupied) with reference 
e standard unit, as the centimeter or inch. 

». 4. — Measure with a pair of calipers the diam- 
a cylindrical solid (as piece of round molding), 
id its volume. [Appendix, Section II. ] 

». 5. — Measure the diameter of a sphere (large 
i or celluloid ball) with calipers, and find its 

e. 

'. 6. — Measure with calipers the inside and 
i diameters of a hollow tube of iron or brass, 
re also the length, and find the cubic centi- 
i of iron or brass in it. 

tension is that property of matter by 
1 it occupies space. The space oc- 
d by a body is called its volume. 
Qsion has three dimensions — length, 
Ith, and thickness. Without these 
there can be no extension in the 
in which we speak of it as a prop- 
of matter. Mere surface includes no 
3r. [To find the extension.of an "irreg- 
' solid, see Exp. 74.] 

p. 7. — Over a lighted candle^ burning without 
, hold a cold, wide-mouthed glass bottle. What 
I observe gathering upon the cold bottle ? 
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SUGGESTIONS FOR TEACHERS. 



1. Do not attempt to perform, or have performed, all of the ex- 
periments in this book the first time you take a class through it. 

2. As fast as you can, substitute experiments of your own, here 
and there, throughout the book for those of the text. Experiments 
in which you have a personal interest will be more profitable to your 
class. 

3. Keep in an accessible place copies of other high school text- 
books on Physics, and require each pupil to read from some one of 
them the chapter on the subject in hand. Carhart and Chute's, 
Avery's, Hall and Bergen's, Gage's, and Steele's text-books 
are good books for this purpose. For larger works of reference may 
be mentioned the latest editions of the following: Olmsted's " Col- 
lege Philosophy," Ganot's " Physics," Deschanel's *' Natural 
Philosophy," Houston's "Electrical Dictionary," "The Century 
Dictionary," and others referred to in the text. 

4. This text-book should be supplemented by quantitative exper- 
iments carefully selected by the teacher from laboratory manuals. 
Among these can be mentioned Chute's (latest edition), Allen's, 
Gage's, and Shaw's. The laboratory work should be principally 
quantitive. Not what is present merely, but hoio much of it is pres- 
ent, is the question to be answered. The new Physics measures 
everything. In adopting " laboratory methods," do not throw away 
text-book and lecture-room. Three hours to the laboratory and two 
hours for text-book and lecture-room is perhaps a proper division of 
the time. Periods of two hours in length will usually be more con- 
venient for laboratory work. 

5. In the first part of this book an abbreviated " note-taking " 
language is used in the fine print of the experiments, the repetition 
of articles and objectives being omitted where the sense is plain. In 
the latter part of the book the language is not thus abbreviated. 
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SUGGESTIONS FOR TEACHERS. 5 

Two note-books in the laboratory may be kept, — one a cheap rough 
one, in which abbreviations may be freely allowed, and detailed coui- 
putations made ; the other should be carefully written out as an ex- 
ercise in both Physics and English, no abbreviated language being 
allowed, except in head-lines and in table work. No leaves should 
be torn from either note-book. Neither note-hook should be taken 
from the laboratory between the hours of work, and both should be 
preserved. The lead pencil used in writing the second note-book 
should be carefully selected as to hardness, not being so soft that 
the lead on slight rubbing soils the page, nor so hard that the 
writing is read with difficulty. Sections of the apparatus used 
should be inserted, and a definite system of arranging the data 
adopted. Suggestions in respect to these and other points will be 
found in laboratory manuals. 

6. Secure a copy of the report of the " Committee of Ten," and 
sfets of questions used by the universities in examining candidates 
for admission upon the subject of Physics. 

7. Visit some secondary school which has a good physical labora- 
tory; also the physical laboratory of the nearest university. 

8. Head carefully Section I. of the Appendix before proceeding 
far in the text. 

9. Allow the pupils to assist you in making apparatus, or, better 
still, assist them in making their own apparatus. 

10. Have confidence in your own integrity and ability. Do not 
underestimate your work. Do not overestimate it. Be ready to 
learn from any source, but do not take every new thing offered. Be 
a progressive conservative. 

11. Do not be afraid to confess, in answer to questions, that you 
do not know, but inform yourself at once if the information is worth 
the seeking. Do not allow useless questions to take up time, and in 
general allow no questions, except upon the subject in hand. You 
will accomplish more by taking up matters in proper order. 
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CHAPTER III. 
HPEOIPIO PROPERTIES OP MATTER 

'V\\v» most iniporUint of the specific properties of 
niHttrr fiin inalienability, brittleness, hardness, ductility, 
li'iiaril V, elasticity and viscosity. To these may 1)6 
adflnl rolHtsion and adhesion, which are better studied 
tm fiiirrM. Spcu'.ifuj properties belong to Bome matter 
nnly hut not to all matter. Many of them are not 
l>t(>|inrly said to bo possessed by liquids and gases at 
till. If, liowi^vcT, Nvo consider some of these properties 
in ininuln and stwuvoly perceptible degrees, we might 
v\\uvt\ tliiMn ns puioral properties. The above list could 
Imi almost indi^iiniU^ly extended. 

11^ f. 17. IMiiro upon an anvil or other firm support small pieces 
fif liiiil, iLiiliiiioiiy, tin, cast-iron, copper, and bismuth, successively, 

iiMii fiiOltllMT riic'll. 

MiillcMihllily is that property of some matter which 
I'.nalilns it bn hamniored or rolled into sheets. 

llrllMotiONS is that property of some matter which 
(lansrs it to bn easily broken by a blow. Brittle bodies 
also br(Mik when suddenly bent beyond the "limit of 
o.l.'isi icily." [Soo elasticity.] 

Kxi'. IS. Wind a fine piece of copi>er wire about a nail and set 
two inclieH of tlie free end into a small vise with moderate firmness. 
I'ull th(5 wire out and repeat until the end is perceptibly lengthened. 

Exp. 19. — Raise the center of a short piece of fine glass tubing 
to the red heat and suddenly draw out into a thread. 



SPECIFIC PROPERTIES OF MATTER. 19 

Ductility is that property of some matter which ren- 
ders it capable of being drawn out into wire. 

Unless otherwise stated, a ductile substance is one that can be 
^fawn out cold ; as glass is not ductile, but red-hot glass is ductile. 

Exp. 20. — Take in couplets a common nail and a piece of glass, 
* piece of marble and a piece of quartz, pieces of any two kinds of 
^iiiiieral, and find out which will scratch the other. 

Hardness is that property of some matter by which 
it resists scratching. 

In the science of mineralogy hardness is of great importance in 
classification. It is expressed in degrees from one to ten, according 
to the following scale : 1. Talc. 2. Gypsum. 3. Calcite. 4. Fluor- 
Spar. 5. Apatite. 6. Feldspar. 7. Quartz. 8. Topaz. 9. Corun- 
dum. 10. Diamond. By comparison with this standard the hardness 
of any mineral may be ascertained. The color of the scratch upon 
a mineral is called its streak, 

Exp. 21. — Break by pulling a very small copper wire« Do the 
same with a steel wire of equal size (determined by wire gauge). 
Hold one end by vise and fasten the other to a spring balance, 
observing carefully the force (estimated in lb. or kg.) needed to 
break each. 

Tenacity is that property of some matter which en- 
ables it to resist a force tending to pull it apart. 

Ductile bodies must be tenacious, but tenacious bodies may or 
may not be ductile. The tenacity of a substance is increased by 
drawing it into wire. Wire cables are stronger than rods of the 
same diameter. The weight which a wire sustains, that is, the pull- 
ing force, estimated in gravity imits (lb. or kg.), which it is resisting, 
measures its tension. • 

Exp. 22. — Compress a piece of soft rubber. Expand it moder- 
ately. Twist it moderately. 

Elasticity is that property by which a body tends to 
return to the same form or YOlnme, when that fo^m or 
volume has been changed by the application of <=iome 
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external force. Elasticity may be (1) of form or (2) 
of volume. Gases have no elasticity of fonn, neither 
have liquids, — except so far as globules have a ten- 
dency to remain such [see surface tension], — but maay 
solids have both elasticity of form and of volume in 
a high degree. Elasticity is said to be 

(1) of Compression 

(2) of Expansion 

(3) of Torsion 

according as the body is compressed, expanded, or 
twisted respectively before it returns. Elasticity of 
Flexure includes compression on the concave side, and 
expansion on the convex side. Elasticity of Stretch 
includes linear expansion, and compression of the sec- 
tional-area disk. 

Exp. 23. — Upon a small marble slab spread a thin coat of oil, 
and place an ivory ball upon it. Drop the ball from a small height 
Double the height and drop again. Notice the size of the three spots 
made upon the marble and the energy of the rebound after balls have 
been compresaed by collision with the marble. Kepeat the experi- 
ment with balls made of other material, as wood, lead, 

[^ agate. 

Exp. 24. — Strike a steel anvil with a steel hammer and 
observe the prompt action of elasticity. 

Exp. 25. — Support a small, straight steel wire, aboat 

three meters long, from a firmly suspended vise, Fig. 8. Tie 

near its lower end a stiff bristle, wax contact and leave 

projecting end as pointer. Mark upon a fixed card the 

position of pointer. Attach a small vise of known weight 

to end of wire, and mark card again. Double the weight 

2 by adding sand-bag of same weight as vise, and mark again. 

Pitr 8 ^^^ ^^^ more sand-bags, and quadruple the weight. 

Remove weights in inverse order and observe i>ointer. 

(h) Measure carefully the graduations upon an ordinary spring 

balance. What force must be applied to produce twice the strain 
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on spring? To produce three times the strain? Two and three- 
fourths times ? 

Exp. 26. — Take a steel wire two decimeters long, and with 
pincers turn at right angles a centimeter's length at one end. 
Fasten the other end in vise, and, twisting, observe the return force 
at different degrees. Do the same with wires of copper, brass, etc. 

Exp. 27. — Nearly close by fusion one end of a glass tube, and, 
boring hole in rubber cork, pass the closed end (upward) through it, 
and insert in flask (Fig. 9) containing a little clean water, 
so that the end of tube shall be beneath the water. Blow 
gently into the tube and remove mouth. Blow violently 
into tube. [Liquids are almost incompressible, as may be 
shown by filling the bottle full of water and trying to blow 
air in.] / 

Exp. 28. — Fasten short strips of sheet brass, of steel, \ 
copper, and lead successively into a vise. First bend a Fig. 9. 
little, and afterward a great deal, and observe the return. 

Exp. 29. — Stretch a small rubber band until it nearly breaks, 
and, measuring, see if it returns completely. Compare the length of 
an old rubber band with one just from the box. 

Elasticity, like gravitation, is oftener treated as a 
force. This may be developed by compression^ expan- 
sion^ or torsion. It is the force with which a body resists 
an attempt to change its form or volume by the appli- 
cation of an external force. The force applied to change 
form or volume is called stress^ and the change produced 
is called strain. When a certain degree of strain is 
reached, the body does not return completely^ if the stress 
is removed. This point is called the " limit of elasticity'' 

Elasticity is developed in gases only by compression. They are 
very compressible, but liquids can be compressed so little that for a 
long time they were thought to be incompressible. [Exp. 50, 5.] 
Gases and Liquids, so long as they remain such, have no "limit" to 
their elasticity of compression, but if compressed, when the com- 
pressing force is removed, restitution both of volume and of force is 
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complete. On this account liquids and gases were called by the old 
physicists ** perfectly elastic," but in the '•'•force'*'* sense of the word 
nothing is perfectly elastic. We still speak of liquids and gases as 
perfectly elastic, but only in this sense that restitution is perfect 
Liquids and gases become more highly elastic as they become more 
compressed. Great extensibility or flexibility (limit of elasticity 
large) on the part of solids must not be confounded with great elas- 
ticity, though in a general commercial, literary, and even physio- 
logical sense this is done. Glass is highly elastic, though its limit 
of elasticity is soon reached. Rubber is very extensible and flexible, 
but not " highly elastic," the force with which it returns being mod- 
erate. A long-continued strain produces a permanent change of 
fonn (" set") even when the ordinary "limit of elasticity" has not 
been reached. Bodies possessing elasticity in a low degree, as lead 
and putty, are spoken of relatively as " inelastic." 

Exp. 30. — Try to bend a stick of sealing-wax. It breaks. Tie a 
moderately heavy weight to the center of another stick, and support 
each end. Observe what happens in a day or two. 

Yiiicosityy as applied to solids, is that property of some solids by 
reason of which they may be slowly, but not rapidly, changed in 
fonn without fracture by a stress. Ice is viscous, as is proved by 
the " flowing " of glaciers around turns in their channels. Viscosity, 
as applied to liquids, is that property (due to cohesion and internal 
friction) which makes a liquid, as cold molasses, flow slowly. These 
liquids, being sticky (adhesive), are also called " viscid,'*^ 

Exp. 31. — Cut a lead bullet into two parts. Place the clean, 
smooth surfaces together. They do not cohere. Press the surfaces 
together firmly with twisting motion. 

Exp. 32. — Press two pieces of clean glass together firmly and 
raise the upper piece. 

Exp. 33. — Drop 20 drops of water slowly into a graduate (or 
narrow test-tube). Into another drop twenty drops of glycerine. 
Compare volmne of each. 

Exp. 34. — Dip a piece of glass into water and remove it. 
Water adheres to the glass. Dip clean glass into pure mercury and 
remove. 
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That force which holds molecules together in appar- 
ent contact is called Cohesion if the action is between 
like molecules, and Adhesion if the action is between 
unlike molecules. 

No molecules are in actual contact (see heat). Variations in the 
cohesive force give to hodi^s of like molecules the specific properties 
above mentioned, and determines whether the bodies are to be solid, 
liquid, or gaseous. In general, variation in the cohesive force causes 
the molecules to move upon each other with difficulty in solids and 
readily in liquids. In gases the cohesion is "over-balanced" by 
other forces (heat, inertia of motion), the molecules having an 
apparent repulsion for each other, so that gaseous bodies tend to 
expand indefinitely. Cohesion and adhesion act only at exceedingly 
minute distances. 

Exp. 35. — Pour out into two beakers a little water, and into a 
third a globule of mercury. Put a small piece of salt into the first, 
and a clean shaving of zinc into the second and third. [Do not 
return mercury containing dissolved zinc to bottle, but pour into 
bottle of impure mercury]. 

Exp. 36. — Pour water ux>on mercury and remove by blotting- 
paper. 

Exp. 37. — Borrow from chemical laboratory hydrogen sulphide 
generator. Pour a little distilled water into bottom of deep bottle. 
Carefully pass through it a few bubbles of the gas, and, closing 
mouth of bottle, shake thoroughly. Pour the water into a bottle 
that it will ^11, and put in stopple. Return generator, and after 
odor of escaped gas has gone examine water. That it has dis- 
solved some of the gas is evident. [One pupil may perform this in 
presence of class, all examining water]. [See Chemistry, Exps. 61, 
69, 75, etc., and for absorption of gases by solids, Chemistry, 
Exps. 47 and Appendix, Exp. 2.] 

Solubility and Absorption. A solid dissolves in a liquid when 
the adhesion between the molecules of the solid and the molecules 
of the liquid is greater than the cohesion between the molecules of 
the solid. Dissolving a solid in a liquid or absorbing a liquid by a 
solid is overcoming cohesion by adhesion. A solid is insoluble in 
a liquid when the cohesion between its molecules is greater than the 
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adhesion between its molecules and those of the liquid. An insol- 
uble solid is not even wet by a liquid the cohesion of whose mole- 
cules is greater than the adhesion between the molecules of the 
solid and liquid. A solid is wet by a liquid whenever adhesion is 
stronger than the cohesion either of the liquid or of the solid, and 
such a solid, if visibly porous, absorbs the liquid. When the solid is 
drawn into the pores of the liquid, we call it solution, but when a 
liquid or a gas is drawn into the pores of a solid, we call it absorp- 
tion. A liquid containing all of a solid that it will dissolve is 
called a saturated solution. 

Heat usually weakens cohesion more than adhesion, so that as 
a rule hot liquids dissolve more of a solid, and dissolve it more 
rapidly, than cold ones do. A ten per cent solution contains ten 
parts by weight to ninety of the dissolving liquid. That foul gases 
usually dissolve quite readily in water is an important hygienic fact 
Solids often undergo positive chemical changes before or in dissolv- 
ing. About such solutions chemistry tells us. Some authors claim 
that there is a more or less decided chemical action whenever we 
make a solution of a solid in a liquid. 

Exp. 38. — Stand into a dish of water two clean glass tubes, one 
fine, the other coarser. Place similar tubes in a vessel of mercury. 
Examine carefully. Draw vertical section through tubes shovnng 
liquid surface plainly. 

The action of cohesion and adhesion where the sur- 
face of a liquid approaches a solid, especially the action 
of these forces in fine tubes and visible pores, is called 
capillarity. When the liquid wets the solid, the liquid 
is drawn upward in capillary tubes and pores and the 
surface is concave upward. When the liquid does not 
wet the solid, it is depressed or apparently repelled, and 
the surface is convex upward in the tubes. The same 
is true on the margin where surfaces of liquids in large 
tubes or receivers touch solids. A tube is not " capil- 
lary " unless the action reaches perceptibly the center 
of it. The finer the tube the greater the effect of this 
action. 
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A rough explanation may be given from section in Fig. 10. Let 
AD he the surface molecules along any level line of water or mer- 
cury in the glass tube as these molecules would lie 
if uninfluenced by capillarity. The molecule Ay if 
water, is drawn against the glass and obliquely up- ^ 
ward by adhesion more strongly than it is drawn ^ 
away from the glass and downward by cohesion, con- 
sequently it moves upward towards B and carries ' 
other molecules with it by the force of cohesion. 
The surface takes the shape M, and if the tube is 
capillary the center falls below the line AD. If Fia. lO. 
^ is a molecule of mercury, it is drawn inward and 
downward by cohesion more strongly than it is drawn in opposite 
directions by adhesion, therefore it moves downward (and inward), 
and the surface takes the shape W, [See surface tension below]. 

Examples of capillarity are numerous: lamp wicks absorbing oil, 
towels wet at one end, dry pine plugs driven into drill-holes and w et 
for the purpose of splitting granite blocks, etc. Water will not flow 
from a tube by capillary action, but rises and evaporates at surface. 
Plowing and harrowing break up the fine pores into coarser ones, 
and, reducing the capillary action, make the ground retain better 
its moisture near the surface. 

Exp. 39. — Powder blue litmus and dissolve in water. Filter and 
let filtrate fall into a deep, wide test-tube. By means of thistle 
tube (long fine-tubed funnel) let a few drops of strong sulphuric acid 
sink to the bottom of the test-tube. Let liquids stand quietly and 
watch their diffusion. ["Acids turn blue litmus red."] 

Exp. 40. — Fill a small bottle (mouth upward) with carbon di- 
oxide from generator borrowed from chemical laboratory. Test with 
slender lighted taper. The flame is extinguished. Leave bottle 
unstopped and test a half-hour later. Air is found in the bottle, 
the carbon dioxide having passed out by diffusion. [Chemistry, 
Exps. 51, 52, also 29, and comments.] 

Diffasion of Liquids depends partly upon adhesion and partly 
upon molecular motion, while Diffasion of Gases depends princi- 
pally upon molecular motion, the adhesive force being very minute. 
A liquid mixed with water is said to be diluted with water instead 
of dissolved in water. Some liquids will not, but all gases will, 
diffuse into one another. If undisturbed by outside forces, heavy 
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liquids do not equally mix with light ones, nor heavy gases equally 
with light ones. [See gravity battery and Chemistry, page 68, " old 
wells."] 

Exp, 41. — Tie a piece of parchment paper (or of animal mem- 
brane) over the end of a lamp chimney. Pour into it about one 
inch deep a strong solution of common salt mixed with solution of 
gum arabic, and immerse about an inch deep in a little distilled 
water in beaker. Leave over night. Remove chimney and test 
water in beaker by taste for salt and gum. Much salt and little gum 
has passed through. 

The diffusion of liquids through membranes is called osmose (the 
flow towards the increased volume end-osmose and from the increased 
volume ex-osmose). Crystallized substances ("crystalloids") pass 
through membranes more readily than gummy substances ("col- 
loids "). Separating substances by osmose is called dialysis and the 
apparatus used a dialyzer. Chemists separate crystalline poisons 
from the mucus of the stomach by dialysis before testing for them. 
Sap circulates through the membranes of lining cells by osmose 
rather than by capillarity. 

Exp. 42. — Place a small globule of mercury upon a piece of 
glass and notice with what force it resists flattening (or a change of 
form), (b) Blow a small soap bubble and let the air return through 
pipe. 

Surface Tension is a tension or pulling force due to the unbalanced 
action of cohesion at the surface of a liquid. Let dots A, B, and C rep- 
resent three type molecules in a globule of a liquid (Fig. 11). A line 
is drawn about each at the limit to which the force of cohesion ex- 
tends. It is manifest that not only A at the 
center, but also B, is drawn equally in all direc- 
tions by cohesion. This is not the case with 
C, which is drawn in all directions side wise 
and inward but is not drawn outward. This 
produces an effect upon the surface as though 
all the surface molecules were pushing inward 
equally, and this force, called surface tension, 
„. -- tends to bring any given mass of liquid into 

the spherical form. — Of course gravitation 
acting loithin any given mass of liquid or gas tends to bring the 
mass into the spherical form. As examples, we have the sun and 
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the planets. Within small globules of liquids the force of gravita- 
tion is so minute as not to be worth mentioning in comparison to 
" surface tension." In bodies of liquid like planets, however, sur- 
face tension would have an immeasurably minute effect, and tlie 
spherical form (as the curve of our oceans) would be due to gravitation. 

NoTEL — See in larger works and in cyclopaedia Prince Rupert's 
drops, structure (fibrous, granular, amorphous, crystalline), welding, 
tempering, annealing, shot-tower, and crystallization. 
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MISCELLANEMJS QUESTIONS. 

1. Do we change the weight of a body when we carry it from the 
base to the summit of a mountain ? Do we change its mass ? 

2. Considering the effect of gravitation alone, a body would weigh 
more at the equator or at the north pole ? 

3. How far above the surface of the earth must a 10 lb. weight be 
carried that it may weigh only 2| lbs. ? 

4. A body 12,000 miles above the surface of the earth weighs 
64 kgs. What would it weigh at the surface ? 

5. To what distance does the earth's attraction extend ? 

6. "Water will not flow by capillarity from the top of a tube." 
By what experiment would you prove it ? [Try the experiment.] 

7. Why does dry ground become damp if a coarse sack is left 
upon it ? 

8. How is fine shot made ? 

9. Why do drops of different liquids vary in size ? 

10. Why do ropes shorten when wet ? 

11. Why not make pens of cast iron, of lead, of glass, or of tin, 
instead of making them of steel ? Why are pens slit ? 

12. Could we weigh with absolute accuracy and upon a *' spring 
balance," would a body weigh more when the full moon was over- 
head or six hours later ? 

13. How would you answer the last if we weighed upon a balance ? 

14. Supi)Ose we fill a hollow steel cylinder, 5 ft. long by i in. 
inside diameter and closed at one end, entirely full of pure water, 
and with great exertion (using leverage) we force a tight- fitting steel 
plunger into it, shortening the column of water by | of an inch. 
Would this experiment in the absence of all other testimony prove 
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that water was compressible ? Would it prove that water is no^ 
easily compressed ? Why or why not ? 

15. Mention two substances the first harder but less dense tlian 
the second. 

16. Fill three columns headed respectiyely volume, mass, and 
density, with one of these five (1) very great, (2) great, (3) medium, 
(4) small, and (5) very small, so that the horizontal reading shall be 
correct. Use each of the five terms once in each column. 

17. How would you find out whether a rock possessed a hardness 
of 6.5 ? 

18. The blacksmith expands the tire by heating, and in resuming 
its original volume on cooling, it presses the rim firmly upon the 
spokes. Is this " return " an example of elasticity? Why or why 
not? 

19. What does the physiologist mean when he speaks of the 
* inelastic'* tendons, since you can easily prove that tendons are 
elastic ? He tells you bones are only slightly elastic. The physicist 
tells you bone is " highly elastic." Explain. 

20. Why will not oil and water "mix" ? 

21. How would you find out how much chalk was used in per- 
forming a problem upon the board ? 

22. How many cu. in. of brass in a solid cylinder 3 in. long by 
1 in. in diameter ? 

23. How many cu. cm. in a lead sphere 6 cm. in diameter ? 

24. How many cu. cm. of iron in a hollow iron pipe 4 meters 
long, outside diameter 6 cm., and inside diameter 4 cm ? 

25. What is meant by a "porous" solid, since all solids have 
pores ? 

26. Some writers call the General Properties of matter ** Univer- 
sal Properties." What imperfection of appellation in using "Uni- 
versal " ? In using " General " ? 

27. Write out five experiments of your own devising which might 
be substituted for five used in this chapter. 

28. Relate an experiment which you have read in some other book. 

29. Add something to, or subtract something from, the " com- 
ments" in this chapter, which addition or subtraction you think 
would be an improvement. 
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CHAPTER IV. 



FLUIDS. 
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Note. — Liquids and gases because of the many mechanical 
properties which they have in common, are included under the term 
fluids. Hydrostatics treats of liquids at rest. Hydraulics (hydro- 
dynamics or hydrokinetics) treats of liquids in motion. Pneumatics 
treats of the mechanical properties of gases. 

Exp. 43. — Place a piece of glass in water ; it sinks. 
Remove and place on ground glass end of open receiver, 
and holding firmly till glass is a few inches beneath 
water (Fig. 12), let go of it. It does not sink. [" Rub- 
ber dam " obtained from some dentist is useful to pre- 
vent leakage between surfaces. Vaseline is excellent 
for this piuT)ose. If the surfaces are very rough, rubber 
dam may be used with vaseline. These are almost 
indispensable in most "air pump" experiments, if 
cheap apparatus is used.] 

(6.) Press a beaker (or tumbler) down into water (Fig. 13), and 
notice that some force resists. 

(c.) Fill a wide mouthed bottle with water. Cover 
mouth with card and invert suddenly. The water does 
not run out. Is it a "pushing" or a "pulling" force 
that holds it in? Remember that "we live at the 
bottom of an ocean of air." 

(d,) Place one end of a glass tube (pipette) down into 
the water, and closing the other end with finger, raise 
the tube. Remove the finger, the water falls out because of its own 
weight. [Surface tension takes the place of the card in keeping the 
water at the lower end approximately level (regular curve), and thus 
prevents the entrance of air.] 

(e.) Bend a glass tube at right angles at one end, and lower bent 
end "squarely" into water, upper end being covered with the 
finger. Beside it at the same depth place a straight tube of the 
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same length similarly covered, and observe how much the air is 
compressed in each by the water pressure. 

At any point below the surface of fluids at rest, 
pressure is equal in all directions, downward, sidewise, 
oblique, and upward. 

Exp. 44. — Bend a glass tube in Bunsen's or alcohol 
flame, making one long and one short arm. Fill the 
short arm nearly full of mercury, and lower into a tall 
receiver of water. Carefully observe the vertical dis- 
tance between the surface, A and B (Fig. 14) of the 
mercury, and compare with the depth (of B). 

Pressure increases as the depth of the 
liquid. 

Note. — This statement is not true for great depths, 
because water is slightly compressible, and becomes 
more dense as we descend. Could we perform the last 
experiment at the depths of one mile and of four miles 
respectively, the pressure would be more than four times 

as great at the lower depth. The law is, however, practically correct 

for small depths. 

Exp. 45. — Support a large funnel having at least an inch de- 
livery tube, in any convenient way. Close the lower end by rubber 

dam (Fig. 15, A), fastened by waxed thread upon 
the waxed side of the tube. Fill the funnel 
slowly with water, and the rubber takes the 
position B. Note carefully this position by 
measuring from below. 

(6.) Cover one end of a glass tube E having 
the same inside diameter as the delivery tube of 
funnel, with soft wax, and carefully insert this 
end so as to shut out the water CD on all sides 
from possibly pressing upon the rubber, and 
notice if the pressure at B is any less. 

(c.) Remove the tube E and insert a tube of 
about half the diameter (one quarter as large), 
whose lower end runs through a cork that fits 
Does position of rubber B change ? 
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the funnel tube. 
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(<i.) Insert in the same way a coiled tube. 

(e.) Insert an oblique tube, and afterward make the experini(Mit 
**^ore emphatic by drawing out water CD from funnel by siphon. 

The pressure on a given area at the bottom of u 
*^<luid (or fluid) at rest is equal to the weight of the 
^quid which would form a geometrical solid vertically 
^bove the area to the height of the liquid surface 

One cubic centimeter ^ of water 
Weighs one gram. 

One cubic decimeter of water 
Weighs one kilogram. ^,cu.cm.' TST* 

One cubic meter of water Pigrie. 

weighs one metric ton. 

One cubic foot of water weighs about 62.5 pounds. 

Exp. 46. — Make from paper a cubic centimeter and draw on one 
side a gram weight. Make also a cubic decimeter, and draw upon one 
side a kilogram weight. These will be very helpful in preventing 
confusion in working problems'. A square-sectioned meter stick with 
decimeters, centimeters, and millimeters in alternate black and wliite 
upon three sides respectively is almost indispensable to clearness in 
studying the metric system. 

QUESTIONS. 

1. What weight of water in a rectangular vessel 4 dcm. long by 3 
dcm. wide by 2 dcm. deep ? 

2. What is the pressure on the bottom of this dish ? 

3. What is the pressure on the side ? 

[Work as though the side were at the bottom, and take half of 
this. The pressure on the side at the top line is 0. At the bottom 
line against the side it is the full bottom pressure, and the average 
pressure is half-way between and the full bottom pressure]. 

1 At 4° C, except for errors in remote decimal places due to the fact that finite 
beings can not be infinitely exact. 
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4. What is the pressure against the gates of a lock, if they are 8 
111. with', and the water above is 5 m. liigher than the water below? 

f). A (lam is 20 m. long, and holds back a pond of water 8 m. 
deep, the whole width of the dam. What is the pressure agiiiut 
tho duin ? 1)(H'8 it make any difference whether the pond has u 
UHMi of oiM' ticn* or of a thousand acres ? Whether It is deeper or more 
Hhoal abovt^ ? 

<K A ravity in the rock on a mountain side has a surface of 2(^- 
<MM) Hi|. dcni. A cn'vice from this runs up the mountain a peipen- 
diciilar distance of ir)0 m. from the center of the cavity. If cavity 
anil cn'vu't' (ill with watt^r, what is the pressure on the interior 
of the cavity tending to burst oi)en the cavity and produce a "lan^ 
slide"? 

7. A n'servoir 15 ft. long, 10 ft. wide, and 7 ft deep, will holA 
what weijjjht of water ? 

NoTK. - Vnmi K\\\ 4.5 we prove that in three vessels, A,Bi ^» 
full of water, of the shape shown by section in Fig. 17, the press*^ 



Fig. 17. 



oil the bottom of eaeli is tlie same, although the weight of the wa^ 
ill carli is vtM'y dilTerent. We should need to make the bottom 

dish C just as "strong" as the hotter^ 
of dishes A or 7i, to sustain the weight ^ 
the dish full of any liquid. 

Exp. 47. — Place an open receive^* 
after rubbing the ends with vaseline *^ 
prevent leakage, upon the plate of th« 
air i)ump. Tic over the top a piece of 
^^ rubber dam A, and pump out slowly the 
air, observing rubber (B Fig. 18). 
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Figr. 18. 



10xi». 48. — IMace tlie palm of the hand over the top of the receiver, 
and pressing down firmly take a few strokes upon the pump rapidly. 
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As sooa as the pressure becomes disagreeable, open 8toi>cock ^', 
allowing outside air to enter receiver. Why could you not rt»move 
the hand readily till stopcock S was opened ? Was the hand 
"pulled" down or "pushed" down? Why does the under part of 
the hand covering A become red ? 



Exp. 49. — Place under a closed receiver a rubber balloon jyartlt/ 
filled with air, and pump out air from receiver. Why does the 
balloon expand ? Open stopcock and admit air. 

(h) Vaseline a rubber cork and insert in an "empty" bottle. 
Place under receiver and exhaust air. Why does the cork jump out ? 
Is it pushed out or pulled out ? 

(c) Invert a small bottle full of air, and placing it in a wide mouthed 
bottle sufficiently filled with water to cover 
well the mouth of inverted bottle, set the 
two under receiver and exhaust air. Open 
stopcock and admit air. 

(d) Connect two bottles, A and B^ by glass 
tube, with water in each as shown in Fig. 19. 
Let A be closed by perforated rubber cork, 
while B is open. Place under receiver and 
exhaust air. Readmit air through stopcock. 
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" We live at the bottom of an ocean of air." The 
air about us, though not in the technical sense " com- 
pressed air," is really compressed air, compressed by 
the weight of the air above. When this weight is re- 
moved, or partly removed, from any given volume of 
air, the volume expands according to a well-known law. 
(See Exp. 63). This is the reason we can pump air 
(or gases) out from a closed receiver. We can not 
pump liquids out of a closed receiver so long as 
they remain liquids. Without this tendency of gases 
to expansion we could not use the air pump at all 
except as a mere "lifting pump" (Exp. 59). The 
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force per unit area with which a gas tends to expand is 
called its tension. 

Exp. 50. — Place a bottle of ordinary drinking-water uncorkecl 
under the receiver, and pump out air from receiver. Observe yflns^t 
takes place in the water. 

(b) Shake a "water hammer" (glass vessel which has been 
closed while water was boiling in it) and observe the sharp, metallic 
sound as the water, entirely freed from air, falls. 

(c) With a clean needle, free from ruatf draw a minute drop of 
blood from the finger, and placing it carefully upon a glass slide, 
spreading it out as little as possible, cover with receiver. Punap 
rapidly while another observes the drop. Why does it expand ? Tlxe 
water above did not. 

(d) Place a piece of charcoal in the bottom of a wide-mouthed 
bottle and load it with a piece of lead. Fill bottle nearly full of 
water, and placing under the receiver exhaust air. 

(e) Use an "atomizer." * 

There is a large amount of air dissolved in wate'^ 
(though the constituents of dissolved air are not in th^ 
original proportions). There is a large amount of ail* 
dissolved in our blood (chiefly oxygen). The carboa 
dioxide (a gas) found in the blood is formed princi- 
pally in the body by chemical action. We do not feel 
the great weight of the air upon us, for the pressure 
from the outside is met by an equal pressure or tension 
from the inside because of these dissolved gases in the 
blood. Many solids have the power of condensing 
within their pores or upon their surfaces, that is, absorb- 
ing (or dissolving) large volumes of gases. Especially 
is this true of many finely divided or '^ porous " solids 
like platinum sponge, charcoal, etc. The atomizer 
shows that air adheres to water, but adhesion, friction. 
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and atmospheric pressure ai-e all concerned in it« action. 
Air is not merely pushed into water and blood by 

pressure. 

I Exp. 51. — Open the air pump and examine its valves. They 
j may or may not be arranged as in Fig. 20. The valve V in the piston 
: opens at which stroke of the 

I * A. 

pwton, upward or downward ? 

The valve V opens at which 

stroke? Would an air pump 

^ork with one valve ? Why ? 

•^he air in receiver R expands 

*t each upward stroke of piston 

M> as the air in the rubber 

^aUoon of Exp. 49 did. Its 

'^tum is prevented by the valve 

* at the beginning of the down- p. ^q 

^ard stroke of the piston. 

*yien the tension of the rarefied air in B becomes so little that it 

^ill not lift the valve V, the pump can remove no more air. 

J^'^OTE. — An air pump may be easily made by any worker in brass 
^J" iron. The cylinder may be a hollow brass tube of not more than 
^n inch in diameter, and the connections may be made with | inch 
%as pipe to small iron or brass plate to hold receiver. Valves should 
he made of oil silk or of very soft leather, and should be fastened so 
that they may not fly open too far. The piston should be made up 
of two brass plates carrying a leathern washer of slightly larger size 
between them, or the leather washer may be of much larger size and 
may be rolled down over the lower brass plate. A hole may be bored 
through the whole and the valve V placed upon the top. Valve V 
may be placed in the upper cylinder head instead of below, when 
the piston rod must be " packed " where it emerges from the head. — 
A receiver is easily made by carefully selecting a fruit jar or wide- 
mouthed bottle and grinding smooth the glass about the mouth on 
an oiled stone upon which emery powder has been sprinkled. -*An 
open receiver may be made from an Argand lamp chimney by grind- 
ing both ends. Rubber dam may be used with vaseline to prevent 
leakage in case the grinding is not very successfully done. 
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Exp. 52. — Out of a stout flask furnished with stopcock pump 
the air. Close stopcock, remove and weigh. Open stopcock while 
flask is balanced on scales, and weigh again, using milligram weights. 

Exp. 53. — Fit a glass tube drawn out fine on the 
inside of rubber stopple, and out of the same flask pump 
the air again. Remove from plate, open stopcock 
under water as shown in Fig. 21. " Fountain in vacuo " 
appears. 

Exp. 54, — Pump the air from the " Mag- 
deburg Hemispheres " (Fig. 22.) Close stop- 
cock and remove from the plate. Replace 
handle and let two pupils try to pull them 
apart. If hemispheres are small they succeed, if large 
air must first be admitted. 
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Air has weight, and consequently presses 
Figr- 22. down upon the earth just as water presses down 
upon the bottom of the vessel holding it. 

Exp. 55. — Tie a string about a small stone and weigh on deli- 
cate spring balance. Lower stone into water and weigh. [Small 
rubber band and graduated card will answer instead of balance.] 

{b) Seal carefully with wax the cover upon a baking-powder 
can. Attach to it a doubled thread. Fasten the handle of the 
spring balance (a verij delicate one) to the top of a large receiver, 
inside, with wax or cement. Hang the tin can upon balance and 
place receiver on plate of air pump. Notice accurately the weight 
while the "body" hangs in the air. Remove air. Is the indicated 
Weight more or less with the air removed ? Do we get the true weight 
of bodies when we weigh them in the water ? When we weigh them 
in the air ? Is the indicated weight too much or too little when we 
weigh a body in the air ? [To make delicate spring balance, see Sec- 
tion I., Appendix.] 

That lifting force which makes the indicated weight 
of a body in a fluid less than the true weight is called 
bnnvflfiey. [See Chapter V.] 



FLUIDS. 



37 



c> 



Exp. 56. —" ToiTio«lli's (ch^llee) Experiment.'' Take a glass 
tube (closed at one end), about one meter long and three or four 
millimeters inside diameter. Incline and fill carefully with mercur>' 
by means of a funnel With delivery tube 
drawn out fine. Cover firmly with finger, 
invert and open beneath a cuji of mercury as 
in Fig. 23. Why does not the mercury run 
out from the tube ? Why does it fall at all ? 
Measure carefully in millimeters the height of 
the mercury above the level in the dish. In 
the same dish place similarly a tube of larger 
size. Allowing for greater capillary depres- 
sion in smaller tube, does the mercury stand 
at the same height in each ? Remove one of 
the tubes to a dish of mercury of larger area, 
does the mercury stand any higher or lower 
than before ? If our tube had a sectional 
area of 1 square centimeter, what would the 
mercury in it weigh ? [Mercury weighs " 13.5 + times as much 
as water."] If the sectional area of our tube were one square inch, 
what would the mercury in it weigh ? 
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The common Barometer is simply a "Torricellian 
tube " filled with mercury, with graduations in milli- 
meters (or inches) that the height above the surface 
of the mercury in the cup below may be conveniently 
read. Its office is to indicate the varying atmospheric 
pressure and not to prophesy what the weather is to be. 
It is a very accurate instrument, doing its work cor- 
rectly. The predictions which men make from the 
truth it tells may prove false. A sudden and decided 
fall of the mercury usually indicates a storm, while 
a high barometer usually indicates fair weather. Tlie 
average height of the barometer at the sea-level is 
about 760 millimeters, or 30 inches. The atmospheric 
pressure at this level is therefore about 1 kilogi'am 
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per square centimeter, or about 15 pounds per squa^ 
inch. 

NoTK. — The anoroid barometer contaiiiB no meictuy, but ^ 
iLsually a short metallic circular box from which the air is partly 
reiiiov(Hl. An elastic steel plate receives the var3ring atmospheric 
i)n'ssiiro, and connecting with delicate machinery, turns an indicator 
over a graduated circumference. The graduation is made in mill^' 
nu»tors (or inches), by comparison with a standard barometer. -A 
barometer tube might be filled with water, but the tube would ne&^ 
to be nearly 40 feet long as the ordinary height would be abo't^^ 
.'U feet. The rise and fall would also be much greater than that o^ 
mercury. 

Exp. 57. —Place the " Torricellian tube " beneath a tall receiver! 
and i)ump out the air. Why does the mercury fall ? What wool^i 
hiippcMi if a barometer were carried up a mountain? [A t»l^ 
rec(!iv(>r is (easily made of lamp chimneys (Argand) fastened together 
by a liberal use of sealing-wax. The top one may be covered with 
a pi(>(u^ of glass waxed on, and the lower one should be ground to 
lit plate of pump.] 

The barometer is also used in finding the height of mountaiii& 
The antM'oid being more portable is very useful for this purpose. 
Tli(^ barometer falls about 25 millimeters for the first 1,000 feet above 
the sea h^vel, but not so much for the second thousand feet. At the 
luiiglit of about :i.4 miles the barometer stands one-half its norma) 
height, showing that one-half of the atmosphere is within this dls- 
tanc(» from the sea-level. Were the whole atmosphere of the same 
density as at the sea-level, some of the highest mountains would pro- 
ject above it. The height to which the " gradually thinning" atmoe- 
l)here extends is variously guessed at as from 50 to 250 miles. [See 
Torricelli, Pascal, Otto Gueriche, etc., in cyclopaedia.] 

Exi>. 58. — Bore lengthwise through a piece of wood (ITFig. 24), 
a f inch hole. Stop the two ends with corks. Bore holes through 
the side, and insert glass tubes of different sizes and funnel as shown 
in cut. Let c be a coiled tube, or one very irregularly bent. Use no 
tube small enough to be decidedly " capillary." IjCt a be a stout 
glass tube. Pour water into funnel, and observe the height to which 
it rises in each tube. 
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% Insert piston (rubber cork nailed to end of stick) into a, and 
force it downward. Is there any *' transmission qf pressure " in the 
. tube Hf Remove piston and 
tubes 6, c, d, and e, and stop 
holes with corks with about the 
same firmness with which the 
e»ds of H are fastened. Fill 
<i with water, and placing ap- 
paratus in sink, force the piston 
downward suddenly. Several of 
the corks should fly out. Why 

^^^ than one? Why not 

all ? Flfif . 24. 

(c) In place of a, 6, c, and d, insert capillary tubes of varying 
sizes by passing them through corks. Pour in water till the funnel 
stands half full, and observe the height as before. 

(<0 Find out by a good carpenter's ** level" which corner of a 
table is farthest from the earth's center. Also find whether the side 
®f a given cabinet (or post) is vertical. 




Under the influence of its own weight alone, in any 
vessel or connected vessels, " water seeks its lerel," 
that is, its surface takes the " earth's curve." If a and 
d (Fig. 24) were respectively one mile on opposite 
sides from i, and connected by tube as above, the sur- 
face in b would stand about 8 inches above the straight 
line joining the surfaces of a and d. In the capillary 
tubes the water is not under the influence of its own 
weight alone. 

Liquids transmit pressure equally in all directions^ this 
pressure acting at right angles to the surfaces pressed. 
[Pascal's Law.] This transmission is practically instan- 
taneous. 
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Note. — A small column of water (as 



'i FiJ 



large column i. 



Fiff. 35. 



If the sectional a 

lai^ columti i 
then a piston carrying 
kilogram pri<3E<ing i 
a piston carrying !i 
pressing on h. [See 
Chapter XL, an.l Irtesf 

Exp. 59. — Talce a 
lamp chimney, large end downward. Cut out . 
fitting upper portion loosely. Bore tlirough thel 
small hole, and with slender, broad-l 
g^HMj fasten to the upper side o 
9p^ valve (V, Fig. 26). Saw oft about fl 
V V V '^■^g''') from a broom handle, cu 
^^ cl,r»,l a. cent., tomll,, md, . 
I ^ on witli broad-headed brass nails e 

twine about the edges of tlie dlsfl 
moderately tight-fitting plstou. 
portion of chimney a porforated wol 
tlie top of which la fastened . 
Malte plug tight with wax. With a 
wet with turpentine (camphor may bii dissolved ifl 
it to advantage) bore a small hole through aide o 
cliimney near the top, and attach with wax a hollo^ 
glass tube for a spout. Cut away the handle abovl 
to give room for the water to rise. Pump with tb^ 
apparatus, watehing action of the valves. 



Tlie Lifting Pump was formerly calld 
pump. The atmospheric pressiire, tmiisfeij 
the- water, pushes the water up to the val™ 
is pumped out of the tube leading from the! 
foi-e these valves must be within 34 feet c 
surface below. Practically the valves mu 
28 feet or less. The atmospheric pressu 
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Figr. 25. 



Note. —A small column of water (as in a, Fig. 25) will balance a 
large column in 6. If the sectional area of the small column is 

one square centimeter, and that of the . 
large column is 100 square centimeters, 
then a piston carrying a weight of one 
kilogram pressing upon a will balance 
a piston carrying a hundred kilograms 
pressing on b. [See Hydrostatic Press, 
Chapter XI., and Artesian Wells in cyclo- 
paedia.] 

Exp. 59. — Take an ordinary student- 
lamp chimney, large end downward. Cut out a thin disk of wood 
fitting upper portion loosely. Bore through the center of wood a 
small hole, and with slender, broad-headed brass tacks 
fasten to the upper side over the hole a soft leathern 
valve (V, Fig. 26). Saw off about four decimeters in 
length from a broom handle, cut out with narrow 
chisel the center from the end, and fasten the disk 
on with broad-headed brass nails as shown. Wind 
twine about the edges of the disk to complete a 
moderately tight-fitting piston. Insert in the narrow 
portion of chimney a perforated wooden plug, upon 
the top of which is fastened a valve (Fig. 27). 
Make plug tight with wax. With small rat-tail file 
wet with turpentine (camphor may be dissolved in 
it to advantage) bore a small hole through side of 
chimney near the top, and attach with wax a hollow 
glass tube for a spout. Cut away the handle above 
to give room for the water to rise. Pump with the 




Fig. 26. 




apparatus, watching action of the valves. 



Figr. 27. 



The Lifting Pump was formerly called a suction 
pump. The atmosplieric pressure, transferred through 
the. water, pushes the water up to the valves as the air 
is pumped out of the tube leading from the well, there- 
fore these valves must be within 34 feet of the water 
surface below. Practically the valves must be within 
28 feet or less. The atmospheric pressure, however, 
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does not help (i.e., furnish energy) in the pumping, for 
^he air presses equally up from below cand down from 
^bove upon the piston. 



Exp. 60. — Take an Argand lamp chimney and fit to it a solid 

(valveless) piston with rod. At the bottom place a doubly perforated 

wooden stopple that has been over night in 

water, and to which a valve V and glass 

tube S has been attached as in Fig. 28. 

Through the other orifice, pass a bent 
glass tube into a reversed bottle, C, with 
valve V in stopple as shown and delivery 
tube d. Place tube 8 in water beneath 
some suitable wooden support for apparatus 
and pump, observing the valves V and V 
and the water in C. Rubber tube may be 
placed over d to prevent water from escap- 
ing the sink. Notice that a valve is not an 
oj)ening, but a door covering an opening, 
and that it opens in the direction in which 

the fluid is moving. At the upward stroke of the piston what do the 
valves do ? At the downward stroke ? What is the air chamber 
for? 



h 



I 



-^ 

W 



i 




Fig. 28. 



Tlie Force Pump is used for raising water to great 
heights. It is frequently worked by a steam engine or 
dynamo. The air chamber prevents shock to the 
machinery and gives a continuous stream. Fire engines 
have double cylinders connecting with air chamber, so 
that there is a nearly continuous downward stroke of 
one piston. [See Hydraulic Ram, Chapter XI.] 



Exp. 61. — Fasten a gas stopcock into a perforated rubber cork, 
and insert this in a gallon demijohn. Connect stopcock and tube (7, 
Fig. 28, by rubber tube. Pump rapidly the air, and have another 
close quickly the stopcock after eight or ten complete strokes have 
been taken. Remove rubber tube from cZ, and connecting with 
Barker's Mill (reaction wheel) at/, Fig. 30, open stopcock. 
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XoTE. — A Barker's Mill is easily made by taidng four short 

pieces of glass tubing drawn out and bent at 
one end, and arranged as in Fig. 29 upon 
soft wax. The inner circle E represents a 
disk of metal to support wheel upon piTOt, 
j\^ and the dotted circle the disk of wax upon 
which the tubes a, b, c, and d are laid urith 
ends upon disk E. At right angles to the 
four tubes place a larger tube (not shown b 
figure, say ar), about six centimeters long, 
Pig. 20. its lower circumference resting upon the four 

tubes above the metallic disk. Wax the whole 
togothor so that when you blow into the tube x the air will come 
out freely at the ends of a, h, c, and d. Run a darning-needle, 

)}, Fig. 30, at right angles through a large flat 
cork. At the bottom wax the horizontal tube 
/ connecting with a vertical tube e. The tube 
e should be just large enough to admit freely 
the tube a*, and the needle should project a 
little above to receive the disk E^ Fig. 29, 
upon its point. Blowing gently at / sets the 
wheel in motion. 

{})) Condense air in demijohn again, and 
Fig. 30 waiting till temperature of demijohn is normal, 

again place bulb of thermometer at the orifice, 
and open stopcock. Does the mercury rise or fall ? 



n 




Macliiiiery may be run by compressed air. A force 
pump for condensing air is called a condenser. Of 
course there is no need of any " air chamber " (C^, Fig. 28). 
The moisture in the air, however, is a difficulty to be 
overcome, as condensation and a cooler tempemture 
tend to change the vapor of water to a liquid, clogging 
the pipes and cylinder in which the piston moves. The 
compressed air as it expands absorbs heat producing 
great cold, which tends to freeze the vapor of water. 
This becomes an insmmountable difficulty when air at 
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igh pressure (above about 60 pounds per square inoli) 
s released. [See Heat.] 

Esp, 62. —Fasten copper wire to the per/oraleit eork wliidi 

closes a long narrow test-tube, till the tube will almost 

\iut. not quite sink in water. Place the tube in a narniie, 

4eep receiver filled with water, and tie over the end of 

Kceiver (a. Fig. 31) rubljer dam. Press with the pulm of 

Oi.t hand (not with Bnger?) upon dam, and then release 

imssnre. As the tube rises and falls, observe wliaL 

kppens aiUliiii the tube, that you may tell why it rises 

ud talis. "Bottle imps" are usually provldeil with 

yiow colled tails so that they may turn (dance) on the 

principle of Barker's Mill. [See Exp. 00.] 



Host fishes ai 
They cao fall oi 
lug pessure on 

Esp. t 



! "bottl« imps^or "Cartesian divers." 
rise without moving ftna by compressing o 
' air bladders." 



. a stout glass tube as In Fig. 32 and 
damp by soft wooden buttons to support. The long 
am sliould be a meter long, and tlie short arm 20 cen- 
timetsrs (of straight tubing above bend). Graduate 
*^i liihe in centimeters, the short arm from the top 
ilowriwinl. Cut a notch into support above A and 
enndtheend smooth with small flat lile. Fasten just 
»liove A an old "binding-post." Place a piece of 
iealber and rubber dam between the screw head and 
''■ Pour into the long arm a little mercury and bring- 
'"? its level, by inclining tube if necessary, just to the 20 
centiin((ef mark in short tube, screw backward and 
^^^0 upon the end A, the screw-liead making the tube 
*"' 'iglit. There Is now in the short arm a pressure of 
"ne atmosphere on the volume of air, just the same as 
wfore lis confinement in the tube. Notice how high 
'" OiiJliineters the barometer stands, and gradually pour 
'"^oartk as many millimeters ot mercury into the 
'""Wr arm, measuring as the height the vertical Hiffer- 
""« bUween the two teeth. Notice how much tlie 
Wlumn of air AB has shortened. Pour on till you have ^'" ®^' 
■^If aa much mercury as the barometer shows, and observe colui5^ 
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Afterwards pour on three-fourths and then just as many millimeters 
as the barometer indicates. How many atmospheres pressure b.a.ve 
you now upon the gas ? How much volume has it ? Is its tension 
(elasticity) greater or less than before ? Is there any more or less 
matter other than mercury in the short tube ? 

Mariotte's Law. Temperature remaining the same^ 
the volume of a gas is inversely as the pressure upon it 
and the density and tension are as the pressure. 

This law is sometimes called Boyle's Law. [This 
law is approximately correct, but does not hold true at 
all at very high pressure.] 

Exp. 64. — Fit a piston tightly into an Argand chimney. Ov^r 
the ground top place a large perforated rubber cort 
from which passes a glass tube connecting with * 
stout rubber tube at a, Fig. 33. Vaseline well iXx^^ 
there may be no leakage. Support chimney i^ 
a wooden frame and hanging a weight W up^^'* 
piston P, connect tube a by open stopcock to plsi'*'® 
of air pump. Exhaust air. What lifts the weigh *> 
The apparatus is called a " weight-lifter." [A lar^® 
one sufficient to lift a pupil easily, makes a very vC^" 
pressive lecture-room experiment.] 

(6) Cut out a cavity from the large end of a soif 

rubber cork. Vaseline edge and press firmly dow"^^^ 

upon a piece of heavy glass. What force (princ^^ 

pally) lifts the glass when you raise the cork ? Wha^'^ 

then do you "lift" ? 

A " sucker" may be made of leather with attached string and act^ 
upon the same principle as the cork in 6. Adhesion and cohesior^ 
may hold light substances as paper to the sucker, but the principal 
force which holds heavier substances is unbalanced atmospheric? 
pressure. When the sucker is raised part of the pressure of the air 
is taken off part of the top of the object lifted, while the full upward 
pressure remains at the bottom. Insects often crawl on smooth 
surfaces, and marine animals "cling" to rocks on the same prin- 
-^"le. 
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£xp. 65. — Place a small brass chain with one arm hanging down 
longer than the other over a bottle B held horizontally as shown in 
Fig. 34. Let go the chain. Why does it 
"flow"? The unbalanced weight upon the 
two arms is like unbalanced forces anywhere. 
" Unbalanced forces produce motion." Why 
does not the brass chain break at the highest 
point Pf Could the chain be made long 
enough to break from its own weight, both 
arms falling ? 

(h) Bend a small glass tube into the shape 
of this chain, and fill with water. Place the 
finger over the end of long arm, and placing 
Fig. 34. ^jjg gjj^j ^^ short arm in water remove finger. 

Why does the water " flow " ? What holds the water 

chain together and prevents its breaking at P ? [Not Fig. 35. 

cohesion. This force is not strong enough to hold an 

ordinary "water-chain" together, that is, water containing dissolved 

air. Adhesion and cohesion together hold a "chain" of water only 

about one centimeter long against the force of its own weight, as 

you may see by lifting the upper end of glass tube out of water.] 

The Siphon is a bent tube by which liquids may be 
ti-ansferred from one vessel over into another, the unbal- 
anced weight in the two arms causing the 
flow, and the atmospheric pressure keep- 
ing the bent water column from paiting. 
Of course gases " heavier than air " may 
also be siphoned, and those " lighter than 
air " may be reversely siphoned. 



\ 
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Exp. Q^, — Arrange a lamp chimney, perforated 
cork, and bent glass tube for a siphon, successively, 
as shown in Figs. 36, 37, and 38. Will the appara- 
tus work as a siphon in all the cases ? Why or 
w^y not ? The weight of the water in the short Fig. 36. 

aim of Fig. 36 is greater than the weight in the 
long arm. If " unbalanced weight" makes the siphon flow, why does 
it not flow the other way ? 
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Just as the expansion or contraction of a dish from the l>^>^^ 



I 



/s 



t 



I 



J 



upward does not increase nor diminish the pressure on the bottoi^^y 

the expansion or contraction of any portiaii 
a siphon does not increase nor decrease ^^ 
"weights" tending to "balance" in each «'"'• 
The "balancing weight" for the short armisth^ 
weight of water which would form a vertical col- 
umn, having a uniform sec- 
tional area equal to tliat of 
the smallest portion of the 
siphon, from the surface of 
the source of supply to the 
highest i)oint of the siphon. 
The "balancing weight" for the long arm 
is the weight of a similar column from the 
highest point of the siphon to the dischar- 
ging orifice (or to the surface of the receiving 
vessel if the siphon discharges beneath this 
surface as in Fig. ;J8). These " balancing weights " are of course 
as these distances, so that the greater the difference between these 
distances the more unbalanced the weights become, and, other 
things being equal, the more rapidly the liquid flows in the siphon. 



so 
of 



Fig. 37. 



t£b 



FifiT. 38. 



Exp. 60, (^). — Arrange apparatus as shown in Fig. 39. -4 is a tin 

^ pail with a small tube a 
-' ' emptying water into a glass 
dish B, This has a siphon 
tube larger than a waxed 
into a hole drilled through 
the dish. The highest point 
P is lower than the surface 
of the water in B when B 
is full of water. Keep A 
full of water by pounng 
from pitcher, and watch the discharge at the orifice. 




Intermittent Springs are usually formed by a siphon-shaped 
delivery tube (or crevice) proceeding from a cavity. This cavity is 
fed by imderground rivulets more slowly than the siphon, vshilt 
at toorky discharges the water. 
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MISCELLANEOUS QUESTIONS. 

1. Mention five instances (with open books) in which the com- 
Dients following experiments in this chapter teach more than tlie 
experiment teaches. 

2' Mention five instances in which the experiment teaches some- 
^^g not mentioned in the comments. 

3' Did we prove that "Pressure increases as the depth" in all 
^'qaids? 

^' flow many grams of water will a vessel hold that is 15 cm. 
^% 5 cm. wide, and 4 cm. deep ? 

^' How many kilograms of water in a full tank 5 m. long, 4 m. 
^^'de, and 8 dcm. deep ? 

6. How many metric tons of water in a full reservoir 80 m. and 
^ dcm. long, 50 m. and 4 dcm. wide, and 8 m. and 5 dcm. deep ? 

V. What will the water weigh in a full tank 8 ft. 4 in. long, 6 ft. 
° in. wide, and 5 ft. 2 in. deep ? 

8. By which system of weights and measures would you prefer 
^^ work one thousand of such questions, the metric or the English 
System ? Why ? 

9. Draw a section of a lifting pump, showing valves plainly at 
upward stroke of piston. 

10. Draw a section of a force pump, showing valves and air 
chamber at the downward stroke of piston. 

11. Let the area of the piston in Fig. 40 be 4 sq. cm., and the 
depth of the cylinder 20 cm. The 



atmospheric pressure being 1 kg. per i ^ |P jP* 



Sq. cm., with how many kilograms pj^ 4q 

pressure must a man push upon the 

piston rod A to force the piston P into the cylinder 15 cm. deep to 

/*', provided air in cylinder is kept at the same temperature ? 

12. Let C D (Fig. 41) be a hori- 
zontal line, A and C two valleys on 
opposite sides of the hill B. Let / 
vertical 5 F be 45 ft., ^ ^ be 7 ft., / 
and 5 D be 30 ft. Can the water r ^ 

. y-.^.^trl J. i i. 

be siphoned from a tank at ^ to C ? ^ E D 

[h) Can it be siphoned from & to ^^fif- ^^' 

f Why or why not ? 

13. If we have 24 cu. dcm. (liters) of air in a cylinder, and we 
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put two more atmospheres pressure npon it, how much will be the 
vfihiiiic of the f^as ? 

14. If the air in the chamber of a fire-engine be condensed to 
1-10 of its fonner volume, what is the pressure {teHSian) per sq. cm. 
iiiNith* the ohanib<*r? 

15. (live an illustration of the use of the mouth as an air pump. 
(h) Ah a condoiiwir. 

\i\. Why iH it very tiresome to walk in wet clay ? 

17. Ill Exp. 4U (h) why is the word "empty" put in qaotatioB 
iiiarkH y What is often the meaning of these marks in scientific 
IxMiks ? 

1 K. Why do bubbles of air become laiger as they ascend in water? 

UK In laying railroad tracks, does the surveyor allow for the 
nirvaturo of tlu^ (;arth? (b) If the rails run in mathematicallj 
Ht might linos horizontally a distance of 20 miles, 10 miles on etch 
Hid«' of a town, the incoming or the outgoing train can make greater 
HptM'd. Why ? 

20. Mercury is a1)out *^ 13.5 times as heavy as water/* howhi^* 
|)oinL above surf ace of supply may it be carried aver in a siphon? 

21. Invent five exiRTiinents that might have been property ift' 
H<TLe(l to prove or illustrate principles set forth in this chapter. 

22. Mention a good experiment which you have read aboit i> 
some other book. 

2:;. Mention sonic experiment which you have performed notl*^ | 
down in the books. 

24. <;iv(i illustrations from real life, outside of school, of your 
own observing. 
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CHAPTER V. 

DENSITY AND SPECIFIC GRAVITY. 

One cnbie centimeter of water weighs one gram. 

Exp. 67. — Procure a glass marble and a lead bullet of the same 

size, carefully measuring with calipers. Weigh 

©/^ \ each. If the lead weighs 45.4 grams and the 
L_^ — \ glass 11.35 grams, the lead weighs four times as 
\^_^ much as the glass, and we have 

MARBLE LEAD . . , i. i •. i. . • 

Fiff 42 ^^^ * given volume of lead : wt. of same vol. of 

glass : : 4 : 1. 

We express the same fact when we say that lead is 4 times as dense 
as glass, or that the specific gravity of lead is 4, compared with glantt. 

Density is the amount of matter (mass) in a unit 
volume. Specific gravity is the ratio between the 
weight of a given body and the weight of an equal 
volume of some substance taken as a standard. Water 
(at its greatest density 4° C.) ^ is taken as the standard for 
solids and liquids, and air (0°, barometer, 760 mm.) for 
gases. When we say that the specific gravity of a 
solid is 2, we simply abbreviate a ratio, 1 for water 
^ing understood. The same abstract number may ex- 
press both the density and the specific gravity. Den- 
^^^y is usually estimated in grams per cubic centimeter, 
Specific Gravity is the ratio between the density of a 
i My and the density of the standard. [Water at about 
I ^^ C. or 60° F., is taken as the standard in some tables 
\ ^^ Specific gravities.] 

*■ See foot-note, page 31. 
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Exp. OS, — Place the top of a cubic decimeter of wood oi 

meter deep in water, and from yom* kn< 

of "pressure and depth" compute tl 

i I sure on top (downward), and the pres 

the bottom (upward). Place it at U 

meters deep, and compute pressure on 

at the bottom as before. Is the buoya 

more or any less at the latter depth ? ' 

Exp. 55 (a) with the stone at various 

Is the buoyancy constant at different d 
FifiT. 43. 

Exp. 69.— -"Cylinder and Bncto 

periment. Let a be a solid brass cylinder just fitting the 1 

(Fig. 44). Weigh carefully 
and bucket ux>on specific 
scales (scales having a ho 
one scalepan, and a stoi 
wire soldered to upright i 
extended on each side c, d. 
port beam that it may not ti 
veniently far from the hor 
Raise scale while balam 
lower solid cylinder into ^ 
large surface level with top 
cylinder before scales are 
Why is the balance dei 

Restore the balance by putting water into the bucket b. In 




'mmmzm 



Figr. 44. 



Archimedes' Principle, A body immersed in 
is buoyed up with a force equal to the weight of th 
displaced. 

Note. — This buoyancy is conveniently called "loss of ^ 
and the balance left after subtracting the buoyancy of the 
conveniently called the "weight in water." The remaim 
subtracting the buoyancy of the air is called the " weight 
The weight in air of solids and liquids, unless otherwise me 
will be assumed as the true weight. [See weight, pa 
Ordinary drinking-water at the temperature of the schoolro 
be used for distilled water at 0° with approximately correct i 
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Exp. 70. — To find the specific gittvity of an ordinary 
solid. 

1. Wt. in air • 50 gms. 

2. Wt. in water 35 gms. 

^ \ Loss in water / ^ ^ 

) Wt. equal vol. water V 

50 -M5 = 3.3 + sp. gr. Ans, 

Perform this experiment using an ordinary stone. Find the 
specific gravity of pieces of lead, brass, etc., comparing results with 
the Table of Specific Gravities (Appendix, Section III.). Tie round 
each substance a slender thread with loop to fasten to hook of 
scalepan. A balance beam that slides upon the upright rod of 
scales is convenient, but the same result may be reached with 
wooden blocks adjusted under either the scales or the vessel holding 
water. Do not expect to get the precise results given by the books. 
Two different pieces of brass or of glass may have different specific 
gravities. 

Exp. 71. — To find the specific gravity of a liquid. 

(«) 

J \ Loss of stone in water / ^^ 

) Wt. of equal volume of water S * * * 

ck \ Loss of same stone in liquid / . ^ 

-^^ \ -r^ • , 1 • , 1. . w • • lo gms. 

} Wt. of equal volume of the liquid V 

16 -r 20 = .8 sp. gr. Am. 

1. Wt. of bottle 25.6 

2. Wt. of bottle full of water 125.0 

3. Wt. of bottle full of liquid I'^^.O 

4. Wt. of water (125.0 — 25.0) KKh 

6. Wt of equal vol. of liquid (135.6 — 25.0) . . 1 10. 

110 -r 100 = 1.1 sp. gr. of liquid. Ann. 
^^TE. — A bottle which holds just 100 gm«. of watfrr ( muu^^Um^ 
^ gms., 50 gms., etc.) is called a ttf/eciflc {/rarity hoUU, A t.tmu- 
^Hiise weight (equal to the empty bottle) i« very conv^Jiilftiit* 
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KLEUESTS i'T TBTSICS. 



• • 
• It • 



If'itf 4r> 



♦ '■> 

«/»/yr»t: :-•>« 'irttj* i3 Bn.k&. Fit "Liif rfwcrtr ir 

fiftlt ii i»iil oi^is'Ai*-!, kuc i2is«r: iydnuDfruer. Tii 
tion Hill th'^w ibr •^«w::iK- cnTirr {d iIh- skJt irki 
III*- hj«lroMi*rt«Tr *:iJi iic*i«t-r ic iitu «■ ot^j- in sfcli 

NoiK. -An l:T.Jr«r*eirf' cksi W niAdt- 1'T era 
H'Hi'ii'ii fol aJ^Vil -I*.' ociiTinjt^i^» jcm erf rwi/ 
mihui,, XttA'WiijL il**r 1<p::«l«j TFiLh Itufcd, &i>d par 
M< II (not ihirkhjj. Tbt- S5«eca»c ctstItt of anj 
i»ivi-n«'ly a«» i\i*r drpsli xo »hk"li tAi* hydrt»mt 
M',<iroiii(-t<-rf take various iifcme$ a^x^(n>iin£: 10 
of I hi- liqiii'l wh«js«; specific gni"n:y ibrj are 10 i: 
•il« '«liifliiii ri-i.'r, l:i<'Lotiif:U;r», <ftc. 

\\i,u iliK-i* lioli'M throii;^h a large rubber stopple that fit 

%iil<t-iiiouth(;d bottle. Into the middle 1 
II ^lasH tulx; bent at right ansrles on 01 
li.-iviii^ u thin walled rubber tube attat 
1''!^. I'l. Iiis(?rt straight glass tubes abo 
iiifhTH Ion;; as shown at 6 and r. jk 
ilovvii into water, and the other into 
vvhosf Hpcfilif; gravity is to be found. 
<'lli'ct. of caiMllarity. Exhaust the airb 
* iiiiMiili Jit nihb(*r tuln* connected with a, 
Mk- lii|iii<is stands about 4 decimeters 
• loii- riilihcr tulM* l)y pressure. Measun 
iIm* lici;{ht of each liquid above heig 
iiipllliiiily. The specific gravities are ii 
ihi* lii'i;;htH, as: 

1. WutiT stands at heiglit of . . . . 

2. Lhiiild stands at height of ... . 

4ri -f 30 = 1.5 sp. gr. of liquii 

Kxi\ 72. — To find the specifi* 
of a Holuble solid [i.e. one sc 
water aH rock salt]. 
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Take some liquid in which the solid will not dissolve. Find the 
specific gravity of this liquid and proceed as follows: — 

1. Wt. in air GO 

2. Wt. in liquid (whose sp. gr. is 1.1) . . . . :JS 

3. Loss in liquid 2.2 

Loss in water 



4. .^ 

Wt. equal vol. water 



i [22-^Ll]. ... 20. 



60 -f 20 = 3 sp. gr. Ans. 

Note. — There is almost always one liquid readily obtained, 
which will not dissolve any given soluble solid, and that is a satu- 
rated solution of that solid. 



Exp. 73. — To find the specific gravity of an insolu- 
ble solid, " lighter than water'' [e.g., cork]. 

1. Wt. in air 5.2 

2. Wt. of lead sinker in water 40. 

3. Wt. of substance and sinker in water . . . 20.2 

. ( Loss in water ) ^ 

^ W* ^^ 1 1 * i P-2 + 19.8] ... 25. 
) Wt. equal vol. water. \ ^ -' 

5.2 -r 25 = .2 + sp. gr. Ans. 

KoTE. — Tie the sinker with double loop, long and short. Attach 
'o^g loop to hook on scalepan to weigh sinker in water, and to weigh 
substance and sinker in water pass long loop attached to substance 
through short loop attached to sinker. The loss of weight of the 
substance in water is composed of two elements, (1) the whole of its 
own weight, and (2) all it " takes oflf " from the weight of the sinker, 
'^e '' weight in water" of such a substance is of course negative, 
^u the example above the "weight in water" is — 19.8. Avery 
"porous" body like cork has its cavities filled with air. This 
gradually gives place to water as the body remains submerged, and 
0^ course the buoyancy grows gradually less. A water-soaked log is 
^uch heavier than a dry log, because the minute gaseous cavities 
^ave all been filled with water. 
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Kxp. 74. — To find the TOlnme of an irregular solid 
[i.e., one wliose avemge length, breadth, and thickness 
can not be readily determined by direct measurement]. 

1. AVt. of rough stone in air 60.4 gms. 

2. Wt. of rougli stone in water 40.8 gms, 

\ Loss in water or / . _ . „ 

;,,., , , , , } 19.6 gms. 

> W t. equal vol. of water * 



•> 



One gram of water has a volume of 1 ca* cm* 
10.0 gms. have a volume of 19.G cu, cm. 

The stone has the same volume as the displaced water, therefore, - 
volume of stone = 19.6 cu. cm. Ans, 

Note. — Of course this same method may be used to find the 
vohinio of any solid, however regular. 

Exp. 75. — To find the specific gravity of a finely divided soti«i 
as sand. 

Make a Nicholson's hydrometer (Fig. 47, a), as follows:— 
Solder two brass wires 6 centimeters long to the bottom of a sm*" 
baking-powder can, and one wire about 10 centimeters long 
to the center of the top. The can should previously be 
made air tight. Fasten a round sheet of lead b ("lower 
l)an ") to the two wires, and a flat cork c ("upper pan") 
to the top wire. Set the hydrometer into a deep receiver 
of water, after placing a mark on the center of the upper A 
wire below the cork to which point the weighted hydrom- 
eter is to sink. Place a piece of glazed paper on upper pan 
to hold sand, and upon this place weights to sink hydrom- 
(^ter to mark. AYire supi)ort should be placed across 
the top of the receiver to prevent the accidental sinking 
of the upper pan, and the jiaper to hold sand should 
remain all the time on the upper pan, and all weights -ptg 47 
should be placed there. 

1. Wt. necessary to sink hydrometer to mark . 24. gms. 

2. Wt. necessary to sink with sand on upper pan, 16. gms. 

24 — 16 = 8 gms., w t. of sand in air. 
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3. Wt. necessary with sand on lower pan . . . 19.2 gms. 
19.2 gms. — 16 gms. = 3.2 gms. 

. ( Loss of wt. in water ) 

) Wt. equal vol. water ( ° ' 

# 

8 -r 3.2 = 2.5 sp. gr. of sand. Ana, 

Note. — The specific gravity of any insoluble solid "heavier" or 
*' lighter" than water maybe obtained by using Nicholson's hydrom- 
eter, but this method is not quite so accurate as the method with 
the balance. A .metallic bucket may be used to find the specific 
gravity of sand by means of several weighings. 

Exp. 76. — To find the mass of a body having its 
volume (dimensions) and specific gravity given. 

A brick of silver (sp. gr. 10.5), 10 cm. long, 6 cm. wide, and 4 cm. 
tbick, weighs how much ? 

1. 10 X 6 X 4 = 240 cu. cm. = volume (bulk or contents). 

2. It would weigh 240 gms. if water, 
but being 10.5 times as heavy as water, it weighs 

3. 240 gms. X 10.5 = 2520 gms. Ans. 



Exp. 77. — Fill with water dish a. Fig. 48, from which a fine 
glass tube b emerges as shown. Observe the 
height of the water in tube b after it has been 
wet above surface of liquid by rubbing with 
fine wire. (Why ?) Mark by putting wet red 
litmus paper on side of tube. — Weigh a heavy 
bottle that will just float in water with stopple 
in. Place this bottle in dish a. What effect 
upon water in 6 ? By means of a pipette pre- 
viously wet remove water from a equal to the Figf. 48. 
weight of the floating bottle, and observe height of surface in b. 
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^^ ^Xr*. 80. — To find the density of air ; that is, to find the weli^ht 
-^^ <^ti. cm. of air. This will be numerically its specific gravity with 

^**ence to water. 



^^ 



bolder a stopcock to a stout can (C, Fig. 49) whose inside vol 



^ has been carefully measured. Attach this can to the plate of 



1 




Fifif. 49. 

the air-pump. Attach as shown a mercurial gauge G, a bent glass 
tube whose closed arm is filled with mercury. On its supporting 
stand is a millimeter scale. Exhaust the air very slowly till the 
difference in level of the mercurial surfaces is, say, three-tenths the 
height of the barometric column. The two surfaces would be at 
the same level if all the air were exhausted. Seven-tenths of the air 
have been removed. Close stopcock, remove can, and weigh care- 
fully. Admit the air, wait a few minutes, and weigh again. 
Compute density as follows : 

1. Volume of can (say) 1100 cu. cm. 

2. Difference in weight 993 mgs.(.993gms.) 

3. Difference if all air were exhausted . . 1.419 gms. 

4. Weight of 1100 cu. cm. of air .... 1.419 gms. 

One cu. cm. of air weighs [1.419 gms. ^ 1 100] .00129 gms. (1.29 mgs. ) 

Density of air = .00129 gms. per cu. cm. Ans. 



Note. — This fraction is about ^^g. The specific gravity of air, 
therefore, is about y}^, with water as the standard ; that is, water is 
about 770 times as heavy, volume for volume, as air. [^For alloiv- 
ances made for temperature and barometric pressure, see Heat.] 
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Kxi'. ><1.— To find the sptti^ gra^isy <rf a f» ^iik air »5 * 
HtaniUnl. BaUiMV wiifc »»«£ii2j. xp^a ^iiiiau scak* >» 
air-tight can wiih a |*«ie- <rf iwft wix *ft 5*>p ol it ^ 
f jjove c;au, and makang vis^ <1nu's«^ avi a Me in the top, 
v.nldiiic and insert class tai^ r^ Fix. 5*H aadbono^^ 
from rli«*iiiij-al IaU>ratory. fsksi- <affKv ^Nsiik [lhK»S^ 
WJiKli-lxHtl*' of coid waUT and dbnMdk diyiiij*ottl^ oi 
ralciuiii chloride, if more *Mimie nKoits are d*aiiedl 
into the can. When filled, nmore mbe while g^ j* 
paMMJii^, and quickly stop hole miih wax. Wei^«g«» 
uimI iiot<* carefully the increase of ve^t in millignnis. 
< niii(iiilf H|M'«|(|i' gravity of the gas as foUows: — 

I \' I il I iiiH' of ran hiHide (by measurement) .... OOOciLcm. 

• Ul. of iilr hi rail [1.29 mgs. X GOO] 7T4ii^ 

;i hirii'ii'M' of wpi^lit 4fl6nigs. 

I Ul. of nirl.oii dioxide in can [774 + 405] .... 1179 mgs. 

1 I7U : 771 1.52 -f specific gravity of carbon dioxide. Ans, 

NiM I To Dtid the specific gravity of a gas *' lighter than air" 

M'l i mil M.ii'i. nhiiply nwerse the can wtdle filling. [See ventilation.] 
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MISCKLLANEOUS QUESTIONS. 

I WIimI I't iln« dinVrence between density and specific gravity? 

-» Why In II ll«|iild nillier tliau a solid chosen as the standard for 
o|ti>i lilt- uniNliv lor bolli Ihiuids and solids? Among liquids why is 
wiHt I I hniiMi ;• Why Ih air taken as the standard for gases? 

;l .Mini NN lull illil we prove by Exp. G9, instead of Archimedes' 
I'lhH'IpIo? "riial a solid brass cylinder immersed in water," etc. 

i, A lioily wlioNo Mp. ^r. is 4, loses what part of its weight in 
wiilor •/ (/.) \VI. In air iH), sp. ^r. 4. Wt. in water? 

5. \Vl. In air . . . 40, In water ... 25. Sp. gr. ? 

0. \Vl. In air . . . 80, in snlphuric acid (sp. gr. 1.8) ... 44. 
^^p. Kr. ? 

7. Wt. of stone in air . . . 70 gms., in water . . . ^30 gms. Vol- 
ume of stone ? 
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^ Wt. of stone in air ... TO gms., in water ... 60 gms., in 
ted sulphuric acid ... 55 gms. Sp. gr. of the acid ? 

9. How would yon find the sp. gr. of a soluble solid ? 

0. Wt. in air . . . 10, wt. of sinker in water ... 40, wt. of sub- 
ice and sinker in water ... 25. Sp. gr. of substance ? 

11. A nngget of gold loses 15 gms. in water. Volume ? 

^^- A piece of steel loses 125 lbs. in water. How long is it if its 
iform sectional area is 36 sq. in. ? 

^^' If 30 gms. sink hydrometer, if sand plus 20 gms. sinks it, and 
^nd on lower pan plus 25 gms. sinks the instrument, what is the 
gr. of the sand ? [Fig. 47.] 

^i A flatboat 20 m. long, 8 m. wide, sinks 6 dcm. deeper when 

led with potatoes. How many metric tons of potatoes in the 

I? 

"I* Given a pair (A scales wei^iing only 250 lbs., and other 
Jties as you might wish, how would yoa weigh a live elephant ? 

^ A piece of lead, sp. gr. 11.3, is 8 dcm. kmg, 6 dcm. wide, and 
^ thick. What does it weigh ? 

* Why do the bodies of persons drowned osnaDy come to the 
'^ after several days ? Why will firing beavy guns in:*{fM:ni\j 
\ such bodies to the surface earlier than they wooVl ^xlMTwiM: 
Why do not bodies in rery d^.ffp Xa^kf:^ ctjvd^ U/ tb^ icufa/^ 
i ? Do drowning people " rU^ ikr^. ilm^jt " brf(Or«- finatly 
ng? 

A balloon is intended to rise 3w4 mllesf. 'yi*:P: "y^auMfiti, KxF, 
id Mariotte's Law.] Why shMiId h Zi£A fc^ f:fmfi4^Mlti 6iUA 
X)al gas before starting; ? 

What would happen rf w^ ^i^nUi Ha.k act ^jritoArj \00jiX^. *A 
Lrefnlly corked, d^ffp hOfir zha^ ^^^pati t If w^ ^/nSA ynm^ %h^ 
«D a very tkhk Uxtbt * 

Why is the density *>€ aay «xh«*r-kfl#^ 'a rr%mi« 5^»t '*ivi'»<>r ^*ftf^' 
numerically e«|iial iu> th^ f^^Hifit jcfas-j'-r.r, -v,/^ ip*f>if A4 M^* 
ird ? [Bat se^^ forjr^-^wjr.^ J**^ ^'' , 

A soap-fefibfcfe ^y^^T ri<#*^ iia tai^r ^^e:. 'it, »4^ ijwy» f^wtf, f^ 
t it is "" H2hc«*r <:han. iir " ? ,t t^-^ja^ vi?v*\l^ 4^w\*j tC^^ ^ ^-ft^ 
o we Vmsm xkaA tint '^put jl x, m -^ ju^»r ^)ii9Mt> W^'' / 
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22. Why will oil float on water? A pail partly full of water 
wci«xhs 1(5 lbs. A fish weighing 4 oz. is dropped into the pail and 
flouts at its center. What does the pail of water weigh with the fish 
in it ? 

2:>. The water which you have used as a standard probably con- 
t:iins carbonates, sulphates, or other solid matter dissolved in it; 
liow does this fact affect your results? Because of this are the 
si>t'ciflc gravities which you have obtained too large or too small? 

24. The water which you have used has been too loarm, how has 
this fact affected your results ? 

25. A " i)orous" brick weighs 2.5 kgs. in air, and 1 kg. in water. 
After soaking over night it weighs 1.5 kg. in water, and 3 kigs. in . 
air. Sp. gr. (1) of dry brick? (2) Of wet brick? and (3) of the 
material of which the brick is made ? 
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CHAPTER VI. 

MOTION, FORCE, ENERGY. 

. — Place a coin upon a card, and put the card over the 
1 of a bottle (Fig. 51). With an elastic strip 
r metal, snap the card vigorously, driving it — 

jr. What tendency does the coin show in addi- ^ \ 

tendency which gravitation gives it, that is, 
incy " of itself " does it show ? 

a ball upon a smooth, level board till it 
►endicularly some heavy obstruction. Did the 

itself?" Does it show any perceptible in- 
?crease of velocity before reaching the obstruc- 



}e a sliver oblique to ball's path, and roll again. Tig. 51. 
it not roll in a straight line now? Prop up 
the board, and roll again lengthwise. Why does it not 
raight line now ? Raise the end of the board, and roll 
icline observing velocity at top and bottom. Did the ball 
increase its own velocity ? 

law of Motion. A body at rest tends to remain 

id a body in motion tends to remain in motion 

)rm velocity in a straight line. 

ircely necessary to define motion and velocity, the one 
ge of place, the other the rate or the rapidity of the 
liat we may know the velocity, we must know (1) the 
tversed, and (2) the time which elapsed while the body 
over the distance. If the velocity was not uniform, this 
;e average velocity. We shall consider bodies moving 

rm velocity (as sailing-vessel before steady wind, train 
tions, etc.). 

rmly accelerated velocity (as a falling body). 

rmly retarded velocity (as a body shot vertically upward). 
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Velocity is cAtimatod in centimeters per second, meters per second, 
feet i)er second, miles per hour, etc. We know of no body abso- 
lately at rest. Our own sun, the center of the solar system, is 
known to be in rapid motion, carrying the entire system with it> 
Kest then is relative. A boily "at rest" upon the equator of the 
earth is at rest rvlatire to tlie soil about it, but it is moving east- 
ward (because of the eartli^s rotation), with that soil about 1,000 
niih^s per hour. Nor is this all: the body is moving about 19 miles 
IMT second (anti-clockwiHe looking soutft) with the earth along the 
earth's orbit. It has a third motion with the solar system of roughly 
10 niih^s per second. How many "other motions" it has we do not 
know, but we have every reason to sappose that these three are only 
a few of them. Of course witli reference to any fixed portion of 
space, there is only one resultant line of motion over which the body 
moves. This is a very complex curve. 

Momentum (plural, momenta) is the quantity of 
motion, and is measured by the product of the mass 
into the velocity. 

A weight of 2 kilograms moving 5 meters per second has the 
same momentum as a weight of 5 kilograms moving 2 meters per 
second. 

A force may now he defined as that which tends to 
produce, to change the direction of, or to destroy, 
motion. 

Nothing but a force can do any one of these three things. If any 
one of these is being done, we know that a force is present. Motion 
is being produced, not only when a body at rest is being set in 
motion, but when the velocity of a body already moving is being 
increased. Motion is being destroyed when the velocity of a moving 
body is being decreased even though the body be not brought to 
rest. It is impossible to '^ push" without having something to push. 
It is impossible to *'puH" if there is no resistance to the pnll. 
Just as we say colloquially that it " takes two to make a quarrel," 
as in history we leam that two annies must be present for a battle, 
so the presence of a force implies the presence of two bodies. The 
resistance to the action of this force is itself with rrference to the 



p\, 



w 



MOTION, FORCE, ENERGY. 63 

Oiven force another force present. To avoid confusion, however, one 
^liould always be thought of as the force and the other as the 
^sistance. 

Exp. 83. — Stick a tack horizontally into a piece of hard wood, 
^nd push with a hammer against it. Strike the tack a blow hori' 
zoutally with the hammer. Percassion or pressure is more eflfective 
in overcoming resistances such as that offered by a nail that is being 
driven ? 

(b) Throw a " return ball '' (ball fastened to elastic cord) horizon- 
tally, and observe at what instant it " begins to pull." 

(c) Pull up by a stout thread over a cylindrical support a pound 
Weight IF, Fig. 52. Place below it, stuck firmly 
into wood, an erect tack. Fasten the cord hold- 
ing weight at the height of one foot. Does the 
weight possess any ability, if unopposed by the 
thread, to overcome the resistance which the tack 
offers to being pushed into the wood ? Cut the 
thread quickly with scissors just above W and see. 

Energy is the ability to overcome 
resistance. A body in motion possesses 
energy. If the moving body meets no 
resistance, it is exerting no force, but 
whenever we transfer the energy of a moving body (as 
of a hammer) to another body (as a nail), force is 
immediately developed. 

When a moving body collides with another body, part, at least, of 
its energy is transferred to the other body, and in the transfer force 
(** pushing") appears. When a "return ball" is moving freely, 
energy but no force is present. The moment the motion is checked 
by the elastic cord, force ("pulling") appears. The energy of the 
moving ball is transferred to the cord. How do you know that any 
energy is transferred to the cord ? 

Energy of motion, or energy actually overcoming 
resistance, is called kinetic energy, while energy due to 
position, as TT in Fig. 52, or energy due to stress, as a 
bent bow, is called potential energy. 
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Fig. 52. 
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A bullet shot vertically upward has no energy before starting* 
lus I'lK'ry^y is all kinetic as it leaves the muzzle of the gun. Halt 
way u]> its energy is half kinetic, half potential. At the instant of 
nsichinj; the highest point its energy is all potential. On the return 
its rncrgy is i)art kinetic, part potential. At the moment of striking 
t1i<' <Mrth its energy is all kinetic. A moment afterward it has no 
«»inTi;y (mechanical) [see sources of heat] whatever, either kinetic 
or |M>tentia1, hut has expended it all overcoming resistance in pene- 
trating the earth. 

Tho subject Energy will by no means be completed 
in tliis cliapter. Indeed, Physics may perhaps be best 
(li'linrd as tlie science which treats of matter &s a Tehi- 
rlo l\>r oiiorCT'' 




Kxr. 84. --Arrange a parallelogram as in Fig. 53 with erect 

/♦.'. Uovo :i small hole straight through 

two vhistir balls of equal diameter j^ 

(from om» lo two inches), and string 

llirm u])on Mtout threads t and f 

ilniwn luut by means of plugs P and 

/*' Ht't in Iriun^ular piece of wood 

fii.MtriHMl llnnly to toj) of erect post. 

Tiiko can* that the parallelogram is 

<»xin'lly lovt'l, riure a third ball A at 

tlu» b«M(» of I be j)o.st, so that when ball 

on /' Im (Iropped It. just touches and 

jlrivrs A towards /^, also when ball on 

/- Is dropped it drives .1 towards C, 

Kai'li moving ball ]>ossesses kinetic 

energy, which is instantly developed 

Into a pushing force on meeting resistance from J 
Drop both balls from the same height at the sam 
instant, and in what direction does the hall A roll 
Load one ball with thick "open washer" of lea^ 
(Fig. 54), and drop so that the two strike hall A at thi 
same instant. Transfer washer to the other ball anc 
drop as before. This experiment should be carefullj 

studied. [Make post E heavier than shown in cut.] 



Figr. 53. 




Fifir. 54. 
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Second Law of Motioil. Every force has its full effect 
^'^ *^« tendency to produce momentum along its own line 
^f direction. 

The line along which any g^ven force tends to produce mo- 
mentum is called its ** Line of Direction.'* In Exp. 84 the line 
^^ direction of the first force ia AB and of the second force .1 ( '. 
The effect produced by two or more forces acting together is called 
^^e resultant. For instance, AD is the line of direction of the 
resultant when the two forces are equal. The figure ABDC is 
lulled the parallelogram of forces, because for any two forces act- 
'^ on lines of direction at an angle with each other such a parallel- 
<>gram may be constructed in which the sides represent the direction 
*nd magnitude of the respective forces, and the diagonal the direc- 
tion and magnitude of the resultant. If the forces act upon a body 
free to move, this parallelogram will also represent the velocities or 
the distances traversed. We may measure a force by means of a 
spring balance, which, when used for this purpose, is called a 
^THamometer (force-measure). 

^Xp. 85. — Suspend a heavy weight (iron ball or brick) by a long 
<?ord. Fasten two loops of thread, one 
^^^ long, one short, to the cord close to 



the 

H\\ 

U\\ 

the 



Weight. Attach two dynamometers, 
in the same direction horizontally 



^ne indicates, say, 8 units of force and 

other 6 units. Cease pulling with 

"^ and, taking care that the cord as 

^^vn by some convenient indicator, is 

®Pt at the same angle with the vertical, 

^^^ the reading upon the other dynamo- 

^^r. (b) Repeat with dynamometers, 

p ^*ling in precisely opposite directions. 

^ Hepeat with dynamometers, pulling at 

**ious angles, keeping angle of the cord 

^^stantwith the vertical as shown by indicator. [Fig. 55 illustrates 

^e positions of the dynamometers.] 

AVhen two forces act along the same line of direction, 
^^d in the same direction, the resultant is their sum. 



Flgr. 55. 



•< ■ 
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;n- inn* UuiltN "ile ZTSSKL.'^ia^ ^ ^atrlT hfirtn^^vA 

\* itM^M'Mi ». -rial ir liii* lar:^? 5:r:t- Wnen they art 
\ »• p'l^n. %Ma liii-ii iciiKr. "irt r«iSGlikri; L? ^-fw than 
um uiii tn'-'Ucr tiiiu: litr^ iiirrence, and iB 
♦ • ■ I '. M-iinr 'iiiit jC "ill*? liT-^r for.^ aisinthatw 
. » ' I h . » ■ ** lu !'i »p rtw. "v: til z*: f Tr^zL-:^ w.'- ihe resdoii^ 
.•'•■» • >*iiniiiiniHilK. Ottea dbrr rietf-iil-iar. with cep 

i I M 1 1 1 » V I ■>» vf fi^Kf pnx'1e;k^ of pl*>;ting from tW 



■ ii • t II I 



): ?*►. 



'. 1 



s. 



C'.' 



. . « 




I't ^i^r ■ ) v.- - - :■-.- ,,.c---iA-'i wh^n «hrw forves whose lines (v 

l^t .1. l^fc' v.. V- * y-.o ;i:-^;v;*i nhiohthrv^|iiff.^iii«7 forces act bon- 
>"»tiicin%, II,. (ir^i ^ i<,r.-oi',i :,\k.%%cTamtk Anti-clockwise from this »< 
»» iiM«|o of i:, Hiih ih<- firvt i::>,v «>f iiinvtion. a second force of 1^ 
*«HoKftti„.,«rii,,an,|;»„ti < N>. kuiM^ apiin.at anjrieof iWwith thesecon< 

*^»i»» of (llrfTiion n iliinl f<>rr>«> of 150 kilograms acts. AVliat isth* 
JJ'WMHiiMt. fi-rwIliiK to |,ri.;ik ilio iMwt, antl (/.) what is its direction 
»*^>«. 50 oiiKht. ill <<xpliiiii iisrif. Measure tlie final resultant (double 
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^^), using your unit of measure, a scale of 10 kilograms to the 
^r or to the half inch, and reduce to kilograms. Measure its 
^ anti-clockwise from AB, the line of direction of the first force 
Cloned. Give these as your two answers. 

O-TE. — Forces acting in one plane will be the only ones consid- 
Ui the problem work of this chapter. 

▼ hen three forces act, find the resultant of two of them, 
then compound this tii-st resultant as though it were 
^gle force, with the third force. This gives a final re- 
^nt, which is the common resultant sought. Proceed 
!• similar manner when more than three forces act. 

I 

^ small school square and sharp-pointed, hard lead pencil should 
-sed in plotting. If students understand trigonometry, they may 
k these problems with accuracy. The j^lot., however, shows the 
hod, and is sufficiently accurate for the purpose of mastering all 
:>le applications of the principle of the composition of forces. If 
miscalculate the direction of your final resultant so that in plot- 
it runs off your paper, simply lay under the edge of the first 
it a second, and run the resultant off upon it as though the two 
its were one. Use large units for your scale, covering the whole 
it with the plot, and thus increase the accuracy of your work. 

'XP. 86. — Arrange above a large piece of smooth paper upon the 
e three dynamometers pulling upon a central ring, Fig. 57, 
held by stout threads passing round pegs (not shown in cut). 
iten threads by turning pegs till 
gisters 12 units and iX 16 units T p" 
orce. What does ZX' register ? 
^ lines on paper along threads 
ched to D, iX, and IT' to center 
■ing, completing after remov- 
dynamometers. Draw paral- 
^am, finding by careful plot 
unt and direction of the result- 
>^ the two forces acting through 
id ly. Compare with the force 
ted through 1/% and with the 
'tion of this force. If any one 

^e three strings should be cut while the dynamometers are regis- 
g, what would happen to the ring ? 




D' 

A 





P 


> 
[ 




Fig- 


58. 
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An e(|ailibrant is a force acting upon a body equj 
juid opposite to the resultant of all other forces actinj 
upon the b(xly. The body thus acted upon remains ai 
K^st, Jind is said to be in equilibrium. The resultani 
of all the forces acting, including the equilibrant, is of 
i-()ui*se 0. 



lOxp. s<}. — (h) Fasten two dynamometers to the ends of a grada- 
iit«' 1 stick, and another to the center, as shown by D, iX, and Df\ in 

Fig. 58. Stretch the springs of the dyna- 
mometers by means of stout threads, as 
in the last experiment. Add together the 
units of force registered by D and D', and 
compare with the registration of D". What 
do you learn about the resultant of two 
parallel forces acting in the same direction? 
If the forces are equal, where must the 
equilibrant be applied ? 

(r) Drive a wire nail against the center^of the stick opposite!)", 
and remove //'. We speak of the resistance of the nail as its 
reaction. There is no motion produced by the two forces still act- 
in<;, consequently there is still an equilibrant applied. What is it? 
VaxI thread, liolding // to the stick. 

NoTK. — Only cases in which the force acts in a plane perpen- 
dicular to the axis of rotation will be considered. 

The tendency wliich a force has to produce rotation 
about a given axis is called its moment. The perpen- 
dicular distance from this axis to the line of direction 
of tlie force is called the arm of the force, and the 
product of the force into its arm measures the moment 
of the force. If the tendency is to produce rotation 

« 

dochvise^ tlie moment, is said to be positive, if «w^^' 
clockwise^ the moment is said to be negative. 
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— Arrange D and If, Fig. 59, so that they act upon the 
in opposite directions with refer- 

plane (but in the same direction 0* 

i to rotation either clockwise or ^ ^ 

se). If now a force be applied P 

16 springs of D and 1/ horizon- | 
ich side of P must you drive the ^ 
prevent motion ? Try it. Can Pig. 59. 

motion by driving two nails? 
J with reference to P and on which side of the stick 
e best place to drive them ? Can you apply any ainyle 
hat will prevent motion ? 



e is produced when two equal parallel forces, 
whose lines of direction are parallel, act in 
lirections upon a body. The tendency of 
'orces is to produce rotation about an axis, 
equilibrant can be applied. [See Fig. 84 and 

] 



- Rule a line a little more than a meter long upon the 
; a wire nail erect at the center 
Against this nail place the 
meter stick (or other graduated A >l^ 

dynamometers as shown in P 

)ply forces, but keep the stick pj qq 

m. as shown by the line. Observe 
)f force units on each dynamometer. 



he stick along till the two arms are respectively GO and 
!rs long. Apply force to each dynamometer by means 
issing round pegs and at right angles to stick. Pre- 
luilibrium of the body (stick). Read the registration 
:s. Multiply the force units shown on D by its arm, 
;e units shown on D' by its arm, and compare pro- 
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(r) Slide stick, am) with nail at middle point pull 
one (lynaniomctcr and at right angles to stick on the o 
gives the greater registration ? Why ? 

(</) Apply tico dynamometers on one side of the nai 
the other side, all pulling in the same direction, 
products (momentit) on the one side, and compare witl 
on the other side. 

With respect to two or more forces acti 
body flee to rotate, the body is in equili 
reiijK'ct to rotation when the snin of the moi 
the forces tending to produce rotation in oi 
is equal to the sum of the moments of al! 
tending to produce rotation in the other dire 

If a body acted upon by a force or by unbalanced 
k(H»i)inix any given line in the body always parallel 
motion hi distinction from rotary motion Is called Mol 
hitioii* Rotary motion may be of two kinds: ro 
when the body rotates about an axis within itself, a 
when it rotates about an axis outside itself. In astrc 
and revolution are sharply distinguished. 



Exp. 89. — Arrange an apparatus (Fig. 61) to do th 

at the same time: (1) to i 
B horizontally, and (2) to 
ball B' of equal size and ^ 
as the two balls strike th< 
ences ? 

Does a force, in this 

" have Its full effect in pro( 

* turn along its own line o 

the body it acts ui)on is already in motion ? If it act 

Ott a body free to move, after another force has act 

«Aic\another force is acting ? Are all the effects the 

^*ct simultaneously or successively ? 
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An upright post would be broken by a force of 200 kilograms 
applied horizontally at the top. Two forces are so applied simul- 
taneously but in opposite directions, the first of 80 kilograms, the 
second of 220 kilograms. Effect ? Effect if they are successively 
applied ? 

From the southwest comer of a smooth, level, square court laid 
out "upon the points of the compass," two boys kick horizontally a 
foot-ball. The first boy kicks precisely hard enough to send the 
ball, if he alone kicks perpendicularly, to the north line of the court. 
The second boy kicks precisely hard enough to send the ball simi- 
Urlytothe east line. They kick the ball twice, the first time simul- 
taneously, the second time successively, each in fiis oicn direction. 
In what respect was the "effect" the same each time, and in what 
respect was the " effect " different ? 



Wlien two or more forces act upon a body the order 
of the action of each modifies very materially the effects. 
It is scarcely necessary to say (you have seen the experi- 
ment performed so many times) that the effect of a 
given force is greater as the time of its action is greater. 
The expansive force (tension) of the gases from explod- 
1"? gunpowder will throw the bullet from the rifle far- 
ther than from the revolver. This is principally because 
this expansive force acts longer upon the bullet before 
it leaves the barrel of the rifle than upon the bullet in 
the revolver. 



Exp. 90. — Place four elastic balls (ivory, celluloid, agate, etc.) 
from 3 to 5 centimeters in diameter at the bottom of a curved ball- 
track (Fig. 62), and roll another down against 
them. The first ball (the ball rolled) "ac^s" 
iipon the second, and the second ^^reacts^^ ^""^ — XjQQQ — ■ 
npon the first, stopping it. Why does not the Pig. 62. 

second move ? Wliy does the last move ? 

(6) Suspend a can of water (Fig. 63) having large vent on top, 
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and stopped orifice O in one side, by a long thread. Place u 
convenient indicator ilS at bottom to indicate thevei 
cal. Remove stopple, and leave can free to move in 1 
vertical plane in which the stream of water rons. 
moves opposite from the direction in which the v! 
emerges. Why ? [Think carefully, for this experin 
would work in a vacuum.] 

(c) Blow into tube/ of the " reaction wheel" (Fig. 

(d) Repeat (a), placing a lead ball at the center. 



Third Law of Motion* Reaction is eqm 
action , and in the opposite direction. 



o< 



Pier. 63. 




Exr . 91. — Ui)on a smooth, level board fasti 
upright strip of hard wood for a 
reflector (Fig. 04). Fasten two 
narrow strips forming^ "ball- 
track'* from A nearly to B, so 
that the ball may almost touch the level 
board. At /i, where the line along the 
center of the *' track" would touch the re- 
flector, erect tlie perpendicular PB. Roll three balls sucoef 
having respectively little, more, and most elasticity (lead 
wood, ivory), giving to each the same and rapid velocity up 
track. Observe angles PBR, PBR% and PBR'\ These are 
anyles of reflection, ABP is called the angle of incidence, 

(h) Throw a rubber ball obliquely against the smooth flo< 
allel to the wall. 

For perfectly elastic material [that is, materia 
would give back promptly and without loss by m 
lar friction all the energy used in compressing ii 
should have the following Law of Reflection : — 

The angle of incidence is equal to the angle of 
^on, both lying in the same plane perpendicular 1 
J^flecting surface. 
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Exp. 92. —Fasten a dO-grmm wei^it to an elastic conl. and to a 
fine thread also. Holding: firmlr br the conl and lUhthr bv the 
String (with other fingers), whirl horizontally, keeping the hand as 
still as possible. Time the number of whirls with watch or pendo- 
lom, after they have become regular. Measure by stretching the 
cord to same extent with dynamometer the force exerted to prvvent 
the 50-gram weight from moving in a straight line. 

(ft) Whirl again, doubling the Telocity. Measure force. Is the 
force necessary to prevent the weight from moving in a straight line 
double or more than double what it was before ? 

(c) Double the length of the cord and swing again, with one-half 

the angular velocity. 

(^ Repeat (a), using a 100-gram weight. 

The force acting on the concave side of the curve to 
compel a moving body to follow the curve instead of a 
straight line is called Centripetal Force. The resist- 
ance which a moving body ofifei"s to a centripetal force 
i^ called Centrifngal Force. These forces vaiy as the 
luassof the moving body, as the square of its velocity, 
and inversely as the length of the radius of the curve. 
These two forces are equal and opposite. If one is 
thought of as the action, the other is the reaction. If 
one is theforce^ the other is the resistance. 

The earth is turned from a straight line to Its orbital curvo by 
^'le centripetal force, mutual attraction between the sun aiul Itwif. 
^constant or a continuous force acting upon a moving; body In iiny 
other direction than along the line of motion (with or opponlh* In 
direction to the motion) causes the moving body to dtiwrWH*, a riivv*', 
■^ an example we may observe a body thrown borl/.ontiilly, If 
thrown vertically upward or downward there \h no curvi*, an iUt* <'om 
stant force, weight, acts along the same vertical with or ay^ttUmi (li«« 
projecting force. 
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Exp. 93. — Revolve rapidly a flexible hoop by means of a string 

wound round the spool a, Fig. 65, to which the 
hoop is fastened, the whole being supported 
by the axis 6. 

(b) Place a little water in the bottom of a 
" round " flask. Fasten the stopple in finnly 
with copper wire. Suspend to vertical axis 
(of siren) from center of stopple, and revolve 
rapidly. Wi\y does the water flow up to the 
Fig 65. central zone of ,the bulb ? 

"llie earth's equatorial diameter is greater than the 
l)oLir. Can you suggest an explanation? 

The surface of the Gulf of Mexico is about 2^ miles farther from 
the center of the earth than the surface of Lake Itasca. If we rf#^ 
up as *' direction from the eartli's center ^''^ then the Mississippi 
lilver flows *' up hill." But with reference to running water, water- 
levels, railroad beds, etc., this is the wrong definition of the word 
*'up." Direction above the sea-level of the parallel of latitude is 
*' up," and below the sea-level is ** down," that is, the sea-level is the 
curve for upward and downward measurements with reference 
to water-levels. The surface of Lake Itasca is several hundred feet 
above the sea-level of its parallel of latitude, while the surface of 
the Gulf of Mexico is only a very few feet above the sea-level of »<« 
parallel, therefore, the Mississippi River does not flow "up hill," 
but flows down hill several hundred feet. [See gyroscope rotation, 
planetary orbits, motion, etc., in larger works, and in cyclopaedia.] 



QUESTIONS. 

1. Why does beating a carpet free it from dust ? (6) Why do we 
stamp our feet to get snow or mud off ? 

2. Why can we drive on the head of an ax by striking the end of 

the handle against a log ? 

3. Two horses A and B are attached to 
an "evener" one meter long, as shown in 
Fig. 66. ^Vhat part of the load IT does each 
horse pull ? 

4. Give five illustrations of some effects of inertia that you have 
observed. 



^ 



4 dcm. J-, 6dcm. 
[w] 

Fig. 66. 
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&- What good does it do for the boy to dodge when he is closely 
l^xirsued? 

^ What do you notice when you ride in the cars round a shan) 
curve? Explain. 

*7. Is there any truth in the saying of the old joke, " It isn't the 
**U that hurts, but the stopping so quick " ? 

B. Shoot an arrow from the rear platfoim of the train, directly 
"^ckward, with the same velocity as the train has. What becomes 
^* the arFow ? 

9. Why is a " running jump " longer than a " standing jump " ? 
w) Can you jump farther from a small flat rock lying in the mud 
^*ts, or from a large flat rock similarly placed ? (c) Suppose one is 
standing quietly upon a "spring board" and immediately jumps, 
^n he make as good a jump as he could from the solid ground ? 
\^ Under what circumstances and at what moment can he make 
the best jump from the ** spring board " ? Explain. 

10. The resultant of two forces acting at right amjles is 500 kg. 
One of the components is a force of 300 kg. How great is the other 
component ? 

n. A cow and a goat tied to the same stake pull respectively 
^ kg. and 20 kg. at an angle of 45^. What is the direction and 
amount of the resulUnt ? 

12. A bar 10 ft. long, supported at each end, sustains a load of 
100 lbs. Where must the load be hung that one support may sustain 
65 lbs. and the other 35 lbs. ? 

13. Explain how the sportsman shoots a rapidly flying bird ? 

14. Four boys pass ball upon the deck of a steadily niovini]; 
steamer, the wind moving in the direction of the arrow 
(Fig. 67), with the same velocity and in the same direc- 
^'®n as the steamer. They pass the ball around the 
parallelogram in the order of the letters. Must any of 

.them allow for the motion of the steamer in throwing 
^^e ball ? Why or why not ? 

15. How would you throw a ball from a rapidly 
Moving train, that one upon the ground could catch it 
Without changing his position ? 

10. The top of a tall tower or the bottom moves ^" 

eastward with greater velocity ? (h) A ball dropped in still air on 
^he south side of a tall, solid stone tower would strike the earth 
^^ightly north, and very perceptibly east, of the vertical line. What 
two forces contribute to this result ? 




76 ELEMENTS OF PHYSICS. 

17. A rope hung from a hook above sustains a weight (te 
of r>() lbs. What tension would the rope have if two men, one » 
viU'h entl, pull horizontally with a force of 50 lbs. each? 

IH. What effect ujwn a boat if a man blow against ibe sqn*^ 
rijr'^ed sail with large bellows fastened at the stem? (6) If beblo* 
" straight backward," drawing in air through large valve below? 

hi Which has the greater momentum, a mass of 100 kg. moving 
at the rate of 50 m. per see., or a mass of 60 kg. moving 90 m. P^r 
see. ? (h) As " reaction is equal to action," which has the greater 
niomentum, the bullet or the rifle from which it is shot? Wbybw 
the rifle so little velocity ? Exactly what is the velocity of the rifle 
compared to that of the bullet? 

20. If the earth's rotation could be stopped without any other 
effect, how would it affect the weight of bodies at the equator? At 
the poles? {h) Could the rotation cease, how would it effect the 
depths of the ocean at the equator? At the poles? (c) For vhat 
two reasons is the weight of a body less at the equator than at the 
poles ? 

21. Why do we not perceive the rapid motion of the earth as we 
<1() that of the express train upon which we travel ? (6) How, then, 
do w(^ know that the earth moves at all ? 

22. Define force, energy, moment, component, resultant, equilih- 
riiini, arm, centrifuj^al force, tendency, reaction. 

23. Some authors use weight and "gravity" as synonomous 
terms, are they really so ? Is the weight of a body more or less than 
the mrdsurc of the mutual attraction between the body and the 
earth, both taken at the latitude of 38° N. ? Taken at the equator? 
At the ]>oles ? 

24. (Iiv(^ two **• substitute experiments:" (a) one a good selection 
from some other hook, and (h) one of your own devising. 

25. Mention two cases in which the comments of this chapter 
exceed the proof which the experiment offers, and {h) three cases in, 
which the exi)eriment suggests to you other and further comments. 

2(1. Two bodies have the same momenta, one weighs 25 lbs., the 
other 75 lbs. The velocity of the second is 300 ft. per second. Wha* 
is the velocity of the first ? 
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CHAPTER MI. 

^W^OBK AND ENERGY. 

Exp. 94. — stand a foot rule TerticaUy upon ibf t?dffe c»f th** tali^- : 
hold a pound weight beside it, the bottom of ibe we^icLi ai tbt- \t^^\ 
of the table. Raise the weight slowly and jilaoe it c*ii tb«- i>c>}i of tb^- 
i^er. (6) Repeat, using meter stick, and kiiogram w«if:iii InKU^id 
of foot rule and pound weight. 

[ Work is overcoming resistance. WLen a ff»irr a.l^^ 
■ through space, that is, overconu* re^istaucr-. W'.iik i^ 
done. If the resistance is merelv balanced, aud iLe 
force produces no motion, no work is doue. Wjjru 
you merely hold a weight you are doing no wr.:k. 
though in the general literary and physiolc^gical s^ii>e 
it may be "hard work" to hold it- Whtrn \*:*\i nl-^ 
the weight, however, you do work. A IxkIv iljJit i^ 
nioved is said to have work done upon it, wljile the 
' body that moves another is said to do tcork, Steam 
confined in the boiler of an engine is doinjj no 'a virk, 
though it may be pressing ever so hard against the 
resisting iron shell which confines it. The iiKiment, 
however, the steam is let against the piston, #o a* to pro- 
^wce motion^ that is, so as to overcome resistance, it does 
work. 

"^e swinging bat transfers a large part of its energy to the ball. 
^e moving ball possesses energy because of work done upon it by 
^^^ bat. The coiled spring possesses energy because of work done 
^Pon it in windmg it up. The clock-weights possess energy because 
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iff work done upon them in rmisiiig them from the lowest poiol 
TlH*y will ^ive back again this eneigj in descending:, and dowoik 
ii|»oii tin* clock. 

Work und energy stand in the relationship of cause 

:i?mI cflVct. Bodies {Kj-ssess energy because of previous 
work (loin; upon them. If more work has been done 
ii|»oii tln' ixxly, it possesses more energy; if less work 
lijis Immmi (lone, it possesses less energy. Manifestly, 
u unit wliieli will measure work will measure 
rncr^^y. 

A Tool-pound of work is the work necessary to over- 
rnnic llic wt'i^^ht of OHO pound through a veilieal dis- 
hincc (sj);i(<0 <'f oiit* foot. How much work did you 
il«» Ml liliin;^^ tlir pound weight one foot? If you hivi 
riii.iiMJ II. ten-pound weight five feet high? 

A Inol pound of energy is the energy that must be 
r,i Ihihlnl U) do ji foot-pound of work, or it is the energy 
riijiiiMd of (loi !!<.,'• a foot-pound of work. 

TIm' kllofcnini-nietcM' of work is the work necessary 
to ovcrcMHiic the weii^dit of one kilogram through tbe 
veiiieiil <list;in('e (s})jice) of one meter. 

A lvilntn'ji.11) nuiter of (Uiergy is the eneiigy that must 
I) ' iwihihlt'il to do ji kilognun-meter of work, or it is the 
(•n<.|Miy capablij of doing a kilogram-meter of work. 

Notice Mmt. in nuMiHurinj? work there are two things to be consid- 
<'»'*m| : tlic rrsint((nrr and tlic (fistauro through which it is overcome. 
*» incaMurlng energy Mien* are two tilings to be considered : the 
force and the dintancc througli which it acts. 
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ilxp. 95. — Tie a stout thread to the kilogram weight. Pass the 

ead over a pulley (round piece of half-inch board, with wire nail 

ven through the center, with drop of oil on nail), 

id pull straight downward till weight is raised one 

leter. Pull horizontally, and raise weight (overcome 

esVstance) as before. Pull obliquely over the pulley 

^t different angles. Omitting weight of the thread, 

iriction of pulley, etc., how much work do you do in 

each^ase, if you raise the weight one meter ? Does 

it matter in what direction the force moves in over- [w] 

coming the resistance as to the work done or the _, ^^ 

energy expended ? 

If we let W, R, and S represent respectively the work, the resist- 
ance, and the distance through which resistance is overcome, we 



W = RS. 

If we let E, F, and S represent respectively the energy, the force, 
and the distance through which the force acts, we have 

E = FS. 

In all contracts for the doing of work, or for the delivery of 
energy, the "element of time''^ is an important consideration, that 
^» the rate of doing the work, or the rate of expenditure of the 
^^^{ly. If a farmer had hundreds of acres of land to be plowed, he 
'''^nifestly would not enter into the contract, paying so miirh money 
to have the land plowed, without knowing whether, for instance, the 
^ntraetor would be six days or six years in plowing it. The rate 
^f ^ipenditure of the energy in plowing would be of the utmost 
•niportance. So, were a man to build a large, fine house, he would 
^4nt to know whether the contractor would be twenty-five days, or 
t^enty.five years, in building it. 

Power is the ability to expend energy at a certain 
^te. The only unit for the rate of expenditure of 
energy which will be considered in tlie meclianics of 
^tis book is the horse-power. 



\ ImrM^fHI^M' l^ lilt jwrn-^: whwii cai. I'u 

•luH h ifux '^ wt ii> uxtieinABe -flonfvritt; thai 

I.' iii.*i|i iliiiMf Mii'l^-f ii»«u Ir imw*rir^i*i? «ii*t?T> i' 

-mil It.! t ^|/iiiifii'<t ;i« tl:i» «uiiL]n«t. h ■> innMBsliMt U' «i 

■ i.M.i ii.'i I. ac vmrk. *» ij:j cr:v*ur iiuiih. lar: o: li» «iwti 

i / iiiiif iiatl»-ft* h«^i- V'.' *ni*KTy oil: »i io«^ aosoiu 



t III'., iiiui :)i Wiiik in <lori<r in mifuzir ^K'ki:. M'h.. in 
llii>. iiiiii li tiH-rKy H</uJ«l Ia pwjciTvd !<• rum' 

-II- ( I' (I Hi »•/ trtltrr iKt'itjUit / th^.tri^ T-fl*. »»'■ 1."^'/ 
Ii I,, hi ii) |.> lit .' 

M Mill ii<ii,t tHMttil il. t.ak<; a t wo-b ia w-j tpvtg e: 
(■'tMiiiti i.ii,i„i.<itt iiiiiit^iii (k^ tti,) of work? 

1 II '■! (ttitiii Un HI iif fiK'ixy H'ill be reqiiired 1.CI tk 
-I ii- t o II, iwii,i ■■ liiii. wUU*. X -lilt, deep to ibf Ltdxrl 

" II'.. i.ium Hill II liiKiui(H)lMiorK<;-rioweren£inriot 

III! iM III ui ■ ill III , |irtivi(t<Ml Lh<; oriHce of thv* jdjie 

• < '..< ii,i. II 11 1 Mill la :tn III, (iIm)V<; llie constant head 

t M| )ij •' I UIhh iiiilliiiiK tiiv friction in pump and 

I . iin III M.lmih nt iliftiliiux*'." S<jc ncxt chapter.] 

M ^Uiiil II ilii' liiiliuilicil I'lici'Ky f>f the water in a 

|'>ii ill -- bii IK, |iitisiiliii| wiitrr Ih at an average 

(tiK Mi •iIiiim; lilt. bi-..i li-srli' (^) What energy (kinet 

»<*{M.Mi| Ml iMtKiliui lii lliti him ^.' (r*) (*iin potential en< 

j(f-fl»lMi ' t*u UtiiH '\i» il li-'liicillin rtlich ? 

'/• -^M Miiiht*' '*l^ 1**'^^ tiiuiiy liorMc-powor would be re 
)f n:4i:tVMli MM III: " ''^i> nt- ' In m. hi KWlj hours, providi 
f*f i|Ui:i|fU'HlMU liiilii'o i» '-*i^ lit. ulu)V(« tiio ronslant level c 

iif Miip^ity 1^ 

Hi a pllh-ilflvlUK himimt'r WflKhinj; 1,500 lbs. falls 
UtUuU wurk ilmm It do upon the pile •,» is any energy "1 
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3ssly lieating both hammer and pile ? Why is ''*' lost ** in quota- 
Ion marks ? 

9. WTiat will be the rate of expenditure of energy should the 
ake of Question 6 descend to the sea in 30 minutes ? 

10. A bow unbending shoots an arrow weighing J of a pound 
lirectly upward to the height of 60 ft. How much energy was 
itored in the bent bow ? What kind of energy was it ? 

11. Compare the momenta of a 10 kg. wt. moving 300 m. per sec. 
ind a 20 kg. wt. moving 200 m. per sec. 

12. An engine of how many horse-power would be required to fill, 
in a balf-bour, a reservoir 20 m. X 10 m. X 5 m., the reservoir lieing 
25 m. above the surface of the supplying lake ? [Theoretically.] 

13. Provided 25 per cent is lost to the useful work in friction and 
through, the '* velocity of the discharge," how long would a 20 horse- 
pow^er engine be in filling the last reservoir ? 

14. What energy raised the water from the ocean into the lakes ? 

15. "What is the difference between force and energy ? 



H 
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CHAPTER Tin. 

UNI I^^OKMLY ACCBLBRATBD AXD UNIPOHIILY 
UltrrAUDKD MOTION. FALLING BODIES* 
KNBRGY AND VELOCITY. 



a 



W, 



I \r 11)1 Tork u;> a stout wide-moath.al bottle, ami eottiiisi 
t liniliir piiMT of tissue paper a little smaller than the 
• im;4 'irciifiii of tin; neck of bottle^ drop the corked book 
mil I III' IIhmih' paiMT from the height of 5 diem, to the 
I iMr. I.it th4> botth; fall cork downwardsw Whi«h falls 
Mitup rii;ililly? Kcmove cork, and inserting f oar pim tf 
iinwii ill I'iu. (lU, place the tissae paper a upon the piss 
•III 1 M-iii;rri ilir cork. Dfop again, watehLog earefnUjto 
>:« n ir tlio liMNtir ])apcr fails to keep up with the pinSi 
r-) Hull II liorsc sImm* ma^met verticaUT, and drop a fins 
iM « (Mr itjioii it. Drop the needle from the xtme kevjU 
M.MU iIm< iiM«v II I lU Ih fiiHirr or not so fast upon the magnet? 

Inilpi ilip iiilluriici) of \v(nght alone, bodies at (^ 
,n*'*ti /'/.r.r I'lill willi ('(iiijil velocities, regardUu oj 
flnn,ftii!nfhH. \Un\\vH fall faster at the poles than at 

IIh' »M|ii'Hfi, l»'i:in>;r tlicir wc'iirlit is gi-eater there. 
|S».i» iiK^n ("linjiirr \'I., C^Mu'stioii 23.] 

Miiill»»q fulllnti ill ilu' iilr un* not under the influence of weight 
)»lMfii.. lull ili»» ir-^inliiiuT of the air opposes their motion. F^r 
lii»i«Mfn'i', of hvo pJolii'M liaviu;^ ecjual weights that which has less 
«h»fiq||y (flint lluMi'fon* urtMiler volume) meets with greater resist- 
HiiM» from llip nir. .\m nn-li i;lol>e at the same height has the saw*-' 
polpiilinl eiMTny lo espeml, llu^ less dense globe falls less rapi'lly* 
Of two ^loiies Imviiiir (M|uiil voluiiu's that which has greater density 
will fall more rapidly, beeause at the same height its potential 
energy Ih greater, the n^HlHtance to be overcome being the sani^ 
A one pound Iron ^lobe has more than Ixtlf i\\Q. surface of a twopouii" 
iron globe (of same density). Which would fall more rapidly in stil* 
air ? Consider carefully energy and resistance in your answer. 
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Xote.— Weight with reference to a falling body will be treated as 
a constant force in this book. The' resistance of the air, unless 
, otherwise mentioned (or inferred from a question), will be con- 
sidered 0. The velocities of slowly moving bodies of great density 
are affected only very slightly by the resistance of the air. 

Exp. 97. — Drop an elastic ball from a height of one decimeter, 
and reflect motion by reflector at angle of 45®, allowing ball to roll 
on a smooth level table against an obstruction that will suddenly 
stop it. Count carefully '*one," "two," "three," as you respec- 
tively drop, reflect, and stop the ball. Does the ball drop farther 
or roll farther in the same time ? Be sure about this. Why does it 
roll at all? 

Exp. 98. — [To be performed and reported by two careful boys of 
the class.] Attach a stout thread to a ball and tie a loop over au 
open screw eye fastened in movable block of wood, so that the 
thread shall be a little less than a meter long. Hang the block up 
and adjust length of thread so that ball, swung in short arc, shall 
swing 60 times in one minute by the watch, that is, once every 
second. Procure a ladder about 7 meters long. Hang seconds pen- 
dulum against the side of the house just at one side of the foot of 
the ladder. Let both boys, one above, the other below, count out 
loud the vibrations of the pendulum, the accent with voice coming 
exactly at the end of the pendulum's "stroke." Let a heavy ball 
be dropped by boy on ladder when "eZeren" is counted, and let the 
lower boy alone count ** twelve^ Let the ball fall on a piece of 
Wdwood. When the click of the ball and the. count "twelve" 
come exactly together, measure the vertical height over which the 
ball has fallen. Let the experiment be performed when there is lit- 
tle wind. How far in your latitude will a body fall in one second '? 

" 5 



Fifif. 70. 

Exp. 99. — Incline a smooth board about 10 decimeters loii^^ by 
■Rising one end about 4 decimeters (Fig. 70). Draw a line acro»» Ww 
*^*fd at A and another at jB, 4.9 double-centimeters below up(»n 
^^ plane, AB being your unit of distance or space. I^et a untooth 
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Flfir. 71. 



heavy ball roll from a state of rest at A^ till it strikes a 
hard obstruction at C. Count "one" when the ball is released, 
"two*' when it reaches JB, and so on regularly, arranging obstrao- 
tion at C so that " five " may be counted as the ball strikes it. Let 
the time required to pass from ^ to JB be your unit of time. Mark 
upon the board the spaces passed over in equal times by the ball as 
it moves with uniformly accelerated velocity down the plane. The 
ball moves urged by a constant force; viz., 
that component of weight which acts 
parallel to the incline as shown by resolv- 
ing the weight into its two components 
(Fig. 71). Only this component is effec- 
tive in moving the ball as the other com- 
ponent is met by the reaction of the 
plane, and so far as producing motion 
is concerned is lost. Incline plane at 
varying angles and roll ball again. Mark off and study the space* 
(Fig. 70) passed over in equal times. What do you suppose would be 

the relation of the spaces if you in- 
clined your plane 90° from the hori- 
zontal; that is, did not incline it from 
perpendicular at all ? 

Exp. 100. — Make an upright frame 
of wood (Fig. 72). Let the upright pa^ 
allelogram be 20 decimeters high by 
3 decimeters wide, inside measure- 
ments. Let the top and side pieces be 
1 decimeter wide, well joined at right 
angles. Let the bottom piece be of 
plank decimeters long by 2 decime- 
ters wide, with four flat pieces of half- 
inch stuff nailed beneath close to the 
corners for legs. In the top piece 
(horizo n t a 1 
section, Fig. 
73) bore 
three holes 
very slightly 

larger than the diameter of the balls used in Fig. 62, the two 
outside spaces from center of holes being one-half as large as 




/ 



B 



V 



Figr. 72. 




>^^ 



^^CELEHATED AND RETARDED MOTION, 85 



*^^^|^l ^ Center spaces. Ream out regularly the holes, so that they 
^^^^ ^ slightly larger below than above. Bore the hole P large 
^^^^ ^*^ to freely admit a lead-pencil. Arrange a trap-door on the 
^^^ ^ side of quarter-inch hard wood (dotted in cut), hinged by 
"^^ ^^ of stout iron wire along its edge, and double-pointed tacks. 
i^4^ ^Uge this trap so that the pencil through P, striking opposite the 
^ fe "^^^ ^'^1 readily knock the trap open and release the balls. Arrange 
\^^^ ^X^le catch to hold the door back as it is knocked from under the 
Y>l ^y the pencil. Fasten a hard wood platform A to the side 

^1^1 ^^, as wide as the side, projecting 8 centimeters, and, using 4 cen- 
-fc^^ters as one unit of space, 4.9 units of space inside measurement 
*^W the horizontal top-piece. Arrange platform B three times 
_ ^^r below ^ as -4 is below top-piece, and platform C five times as 
^^ below £ as ^ is below top-piece. Place ball A in position, and 
. *^^Ock away the trap, counting owe, two^ as the click of the pencil 
^^d of the ball against the platform are respectively heard. Repeat 
^•'iis several times till the interval of time in the unit of time (space 
^^ lime in which ball falls to first platform) is well fixed in the mind. 
• ^ow place the three balls in position, and knock away the trap. 
Observe if the four clicks made by pencil and three balls respectively 
«ome in regular succession. The clicks made by the last two balls 
are easily distinguished from those caused by rebounds, because thoy 
are successively louder. A little practice makes this a very success- 
ful experiment. 

At the latitude of about 38° a body falls 4.9 meters 
(16.08 feet) the first second, and acquires a velocity of 
9.8 meters (32.16 feet) per second ; that is, the accel- 
eration is 9.8 meters per second. 

In Fig. 72, if we should change the units of time to seconds, then 
the only other change necessary would be to change the units of space 
from 4 centimeters to meters; and this experiment works, except 
the resistance of the air begins to show itself somewhat. In study- 
ing the inclined plane (Fig. 70) it will be noticed that the space 
passed through during each successive unit of time is greater by a 
definite and constant amount, and is equal to twice the space passed 
through in the first unit of time. This " constant amount " is called 
the acceleration. Also it will be noticed that the space passed 
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Exp. 89 and others we learn that this is true even if 
tliebodybe thrown obliquely. If a body rises verti- 
cally for two seconds before it begins to return, it nuisi 
have the same initial velocity that a body woukl acquire 
iu falling from a state of rest for two seconds; viz., ID.G 
metei-s per second. A rifle bullet shot liorizon tally 
would fall to the tangent from the earth below just as 
quickly as though it were dropped. 

Exp. 102. — Fill a receiver, having a large bent glass tube pass- 
ing through perforated cork, and drawn 
out, as shown in Fig. 74, with water, keep- 
ing finger on orifice B, Remove finger, the 
jet from orifice rises nearly to the level of 
^' Three resistances prevent the jet from 
reaching A: (1) resistance of the air, (2) 
Action at orifice and in pipe, (3) the water 
that falling from highest point reached, 
^eets the rising globules. The vertical dis- 
^nce BA from the center of the dischar- 
ging orifice to the surface of the source is 
^^-lled the " head." Did you ever see any 
J^^6 Underestimate the velocity of a " spout- 
"^o liquid " when the head was great ? 



i 



y- 



B 



Fig. 74. 



Under the influence of pressure 
J^^ly, the velocity of a liquid flowing from an orifice 
^^ equal to that of a body that has fallen freely through 
^ ^pace equal to the head, [See ExPS. 44 and 45.] 

Since we know how high a given velocity in a vertical direction 
^'11 raise a body, we may measure the energy of a moving body^ 
^hose mass and velocity are known, in kilogram-meters. For in- 
stance, a body with a mass of 1 kilogram moving upward with a 
Velocity of 9.8 meters per second, would rise 4.0 meters, just as far 
^s it must fall to acquire that velocity. It would be one second 
going up and one second coming down. Manifestly it would possess 
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from theeqnadon E = Kf^ withoot stopnixLx to liiTi.!** ."A'-h rr>iui:« 

XoTE.--See Goliko. £&lling bi>iie5w projiH.tiIi»w iiiln«*r** in.Ii, 
hydraulic mming . etc., in cyek>p«edLi. If you ofaocee :o iii:it.-ipii:e 
college work, see also the absolute nnii* -iyne. err. -knd :h»? .'•':.::- 
meter-gram-seconds iC O. 5».> system of nieari>xirenie3.:s La o/ile-j?:? 
text-books. 



QUESTIOXS. 

1. How far will a body fall in 1 sec.? In i a sec. ? 

2. A body has fallen 5 sec., how far has it fallen ? What velooitv 
has it attained ? 

3. A body has faUen 490 m., how long has it been falling? 
Wliat velocity has it attained ? 

^ An arrow shot over a steeple reaches the ground in 6 sec., 

how high is the steeple ? 

5. A ball thrown vertically upward with an initial velocity of 
^ m. per second has what velocity at the end of 3 sec.? At end of 
5 sec. ? At the end of 7 sec.? 

6. A cannon-ball weighing 300 kg. and moving 500 m. per second 
has how much kinetic energy ? 

*?• Which has the greater momentum, a 5 kg. weight moving 
^ DL per second or a 20 kg. weight moving 30 m. per second ? 
'^hich has the greater kinetic energy ? How many times as grtnU 
as the other ? 

8- Define acceleration, weight, kinetic energy, head, kilogniin- 
^eter, foot-pound, power, velocity, vertical, moniontuni. 

^' A body shot horizontally from the top of a tower 17(^.4 m. 
"^gh strikes the ground at what point, provided the velocity of 
Projection is 100 m. per second ? 

lO- A body shot upward at an angle of 45° with the horizon from 
* tower 30 m. high, with initial velocity of 20 m. per second, would 
^ at what point at the end of the third second ? 

meters horizontally from the tower. 

^ ' meters from the ground. 
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Fi€r-75. 



Note. — The path of the projectile may be found by plotting its 
position at the end of the 1st, 2d, 3d, etc., seconds and nmniiig 
the cur\e through these points. If greater accuracy is required, plot 
position for fractions of seconds. There is no necessity of plotting 
the; '• parallelogram of forces," but the effect of the two forces may 
be plotted successively as though the other did not act, only eacli 
must \ye laid off in its otcn direction. The horizontal distance passed 
over by a projectile before it strikes the ground is called its range or 
random. 

11. A stone thrown downward from a building at an angle with 
horizon of 30^, with initial velocity of 30 m. per second, is how far 
l>elow the horizontal plane from which it was thrown, in 4 sec? 

12. A 10 kg. weight has fallen 313.6 m., what velocity has it 
attained ? What is its kinetic energy ? Its momentum ? 

13. A body thrown vertically upward with initial velocity of 9.8 m. 
pfT second will rise to what height ? How long before it will return 
to tin* lovcl of the starting-point ? 

14. What will be the theoretical velocity of water flowing from a 
»''"m1 of 78.4 m.? 
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15. The area of the nozzle from wbidi ma hj^irmxilie stnmm c#iim 
is 1 sq. dem., the head 122^5 m. What vill it oxt t^ ovner» o€ 
the hydraulic mine per day of 24 hours for water, proiidetl tiker («t 
$.0001 (one-tenth of a miU) per cubic meter for water.^ and aiv alk>v^ 
10^ off the theoretical flow for losses bj fiictioii. cross ciim^n:5 at 
nozzle, etc. ? [But see " miner s inch *' in c]rcftofMedia.] 

16. Are two plumb lines parallel f Why is it that some pood car- 
penters will tell you they are ? A carpenter shook! know wluc .i 

plumb line is. 

17. When a hammer is thrown why does it osually strike with 

the handle upward ? 

13. Why do drops of rain not strike with the Telocity computed 

for falling bodies ? 

Id. Why is sand, rather than rocks, thrown from a balloon to 

%hten it ? 

20. State and solve a problem under falling bodies, using the foot 
and pound as units. Compute the kinetic energy of your falling 
Ijody at the lowest point in its fall in foot-pounds. 

21. Could we measure with absolute accuracy the smallest portion 
of space, should we find that the earth "fell" any towards the 
apple, while the apple was falling to the earth ? How would it be if 

iyfo apples of equal masses were falling from the same height on 

precisely opposite sides of the earth ? 
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CHAPTER IX. 



CENTER OF GRAVITY AND STABILITY. 

No TK. — Stability in this chapter will be treated as affected by 
jrcif/ht only operating against the support. 

Exi». \(X\, — Place a knife-blade edge upward in a vise. Balance 
a hontoyciicouH stick of uniform cross section in three different posi- 
tioiis, with length horizontally at right angles to knife-blade, ob- 
li(iu('ly at right angles, and vertical. Place the stick again balanced 
in iiorizontal position, and mark carefully vertical plane above knife- 
blade. Remove, and with ftne saw cut into two pieces through this 
plane. Place pieces one in each opposite scalepan. Are they at 
least nearly of the same weight ? 

(h) Balance in horizontal position an old hammer with handle, or 
other Himilar body, and saw into two pieces as before. Do the two 

I 

pieces balance in the scalepan now ? 

{(') Suspend scpiare-cornered piece of board successively from 
two adjacent corners as shown in Fig. 76. Mark the extension of 
the vertical downward in each case upon the board by means 

of a v(^ry long ruler applied to 

suspending thread. 

(d) Support an irregular body 
(Fig. 77) upon a pivot, and 
study the figure. What does 
U mean ? What does E mean ? 
What do the little arrows 
Fig. 76. mean ? 





The Coiitor of Gravity (c. g.) of 

a body is (1) that point through 

wliich any vertical phme being 

passed, the man of the moments of 

the iveii/htH of the jiartlcles on one 

side of the pLane is equal to the sum of the luome^^ 
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1 the other side; (Jt) tLii t»cctii viiiti lit;*, ir "Uif iitLirt 
erticallv above an^ 5iii«T«c»nia2^ t«tee-liiit ii:» c. Dii...-i 
Ue body is balanee^i ; iZ » liii^i irilii ii, b tii^uir.fi :• •». 
.vhich lies YeniealiT a'^Te <.rT-r:'U.:i^T ':»rj.'V c» i • i.: : 
3f support, and iLerefore ai liie iz:iirrBr*i'ri'':_ •: :*: ; '* • 
such verticals; or {A) iLe joiui -:•: a:':L/A:Li.«:. •: vi-t 
equiUbi-ant opposing the hi^\ "s vtrl^i.:. 

Exp. 104. — Weigh a hofii09n»««iK f&k^ trf unifirn. rr :»*«?- vr i:cl. 
Lay it horizontally upon a smooch tal^k-, 9& iha: ji«- {^^a.::r-r (c rrxi ti 
shall be one decimeter from the edse 

of the table. Place a weight equal to a £ ^ 

one-half that of the stick upcm the " 
stick at the table's edge, and {Mish the 
weight slowly towards the free end 
till the stick just tips (rotates about Pl^ 78. 

point B, Fig. 78). Bring the weight 

back a very little, so that the stick will barely remain stationary. 
and from your knowledge of moments of forces, comparing the 
arms AB and J5C, what weight must be acting at A to balance 
the smaller weight acting aX C f 

The entire weight of a body taken as a unit may Ik^ 
considered as concentrated at its center of gniv ity. 
This enables us to find the center of gravity by a pixicoss 
similar to that of Exp. 104, as well as by balancing. In 
homogeneous bodies of the type of a hall, or squanv 
sectioned meter stick, the center of gravity lies at. the 
center of volume. The center of gravity is often calliMl 
the "center qf inertia," "center of weight," and tli(^ 
"center of mass." But it is important to reineinl)rr 
that the plane through the center of gravity V(;ry nin?ly 
divides a body into two equal masses (Kxp. 10)5, h). 
Why not? 

Exp. ia5. — Balance a ring or hollow fpiadrllaU'ral iipoti a \\w hi 
several different positions. Where is the cMuU'.r trf f^ravMy UnnUui 7 
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The center of gravity of a body does not necessarily 
lie ill the material of which the body is made, for ex- 
aiiiplo, that of a ring, hollow ball, bottle, etc. In ce^ 
lain iinportiint senses, however, in the discussion of 
siahility (^see below), a body is considered to include 
all the space within its outlines, and in this sense 
the center of gravity of an ordinary bottle is in the 

ImkIv. 

'I'he Hue of direction of a body is the vertical passing 
lluout^li the center of gravity. The weights of all the 
[»anii'les composing the body act downwai*d as forces, 
mnsihlji parallel to this line (Fig. 77). The direction 
of ilu' resultant of all these forces is downwaid along 
ihe line of direction, opposite the equilibrant or the 
"supporting force." 

K\p. l(H>. — To find the center of gravity of two bodies considered 
ti) W tH>nnoitod as one by a line without weight. — Balance the square- 
sod ionoil motor stiok, place a kilogram weight one decimeter from 
tlio supiu>rt, and balance by a 200 gram weight opposite the support 
As tlio woiuht of the meter stick has nothing to do with affecting or 
ilistiiibini; Iho balance, we have the essential conditions, so far as 
o(iuilil»rium is oonooriiod, of two bodies balanced upon a line without 
NNoii;lit oonnooting their centers of gravity. 

'I'lu^ eonnnon center of gravity of two bodies (consid- 
KMv\\ as one) lies along the line connecting their centei'S 

of gravity, distant from the center 

\X S\ of each inversely as their masses^ 

^-^ that is, the pnoduct of th« mass of 

** A (Fig. 79) into its distance from 

the eonnnon center of gi-avity is equal to the product of 

tlui niUHH of B into its distance from the common center 

of gmvity. 
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£xp. 107. — Place a cone upon the table (the supporting sur- 

ie) in the three positions shown in 

ig. 80. Incline slightly the vertical A \ . / 

Be in the cone (incline the right hand / \ \ / >^ 

one towards the side) and notice /c.V\ y ^ ' \ 

whether the center of gravity is raised Pig. 80. 

or lowered by the movement, and if 

body tends to return to its former position, or to depart farther 

from it, or to do neither. 

(5) Suspend a body and draw it slightly aside. Will it remain 
there? 

(c) Take a short stick ^B, and inserting A. ^ 

one knife at A^ and two knives obliquely / 



at B, balance on pivot as shown in Fig. p. «- 

^1, incline slightly the stick on its point 

of support. Does the body tend to return to its former position ? 

Do you raise or lower the center of gravity of " the body" when you 

incline it ? Where is its center of gravity with respect to the point 

of support ? 

A body is in Stable Equilibriam upon a supporting 
surface when to incline its upright axis the center of 
gravity must be raised, or when the line of direction 
falls within the base ; and a suspended body is in stable 
equilibrium when the center of gravity lies vertically 
oelow the point of support. 

A body is in Unstable Equilibrium upon a support- 
^^g surface when to incline its upright axis the center 
^f gravity must be lowered, or when the line of direc- 
tion falls without the base ; and a suspended body (or 
^dy sustained upon a point) is in unstable equilibrium 
^^lien the center of gravity does not lie at^ nor vertically 
^dow^ the point of support. 

A body is in Neutral Equilibrium upon a supporting 
surface when to incline its upright axis the center of 
gravity is neither raised nor lowered, or when the line 
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ot direction of the body falls upon a supporting point 

or line for several different inclinations ; and a suspended 

lK)rl y is in neutral equilibrium when its center of gravity 

lies at tlie center of the axis of support, neither above 

HOT Ixjlow it (as a carefully balanced wheel supported 

by the axis). 

Kxi». 108. — T*lace a chalk box (or other similar body) upon the 
table, on bottom, side and end successively, and overturn in each 
position. In what equilibrium is it in each position ? 

There are different degrees of stable equilibrium, that 

is, of stability. A body is more stable (1) if its center 

of gravity remaining at the same height, the base is 

huger, or (2) if, base remaining the same, its center of 

gravity is lower. If both the base is enlarged, Jind 

the (tenter of gravity lowered, the "stability" is rapidly 

increased. 

Exp. 101). — Turn a short heavy brass screw into the small end of 

a cork, and float " the body " in water (Fig. 82). 

\ / Remove screw, and turning it into the large 

\ \ I end of cork, float again. Wliat tendency do 

4/ y^" observe as to tlic position of the center 

of gravity ? [Sec hyihometer, Exp. 71 (f)] 

Ordinary floating bodies tend to 
carry the center of gravity at the 
lowest point. 

Tliat point tliat would be the center of 
gravity of the displaced water is called the 
center of buoyancy (c. b.). It is the point 
of ai)i)llcation of the resultant of all the 
l)ressure force lines (Fig. 83), and this re- 
sultant arts vertically upward, while the 
resultant of the weight force lines (Fig. 77) 
acts vertically downward. 

Kxi*. 110. — Cut out a hemisphere of cork, weigh it, and float 
with convex side down. Upon the flat top place a heavy piece of 



Figr- 82. 




FifiT* 83. 
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sinking the cork nearly but not quite to the water's edge, 
the loaded cork capsize easily or with difficulty ? 

Kf>^ Place another very flat piece of cork of the same volume 
^^t^rmined by weighing cork of same quality) as before upon 
', and load it with the same piece of lead. Does the loaded 
capsize easUy ? 

^OTE. — The stabiUty of only two types of floating bodies will be 
^^^i^sidered in this chapter, the ocean-vessel type and the flatboat 
■t) type. 





Fig. 84. 

Floating bodies are in maximum stability when the 
^^nter of gravity is farthest below the. center of buoy- 
ancy. Fig. 84 shows that in bodies of the ocean vessel 
^ype the two forces of weight and buoyancy form a 
^Uple tending to right the vessel whenever it is 
inclined from its upright position. Floating bodies of 
the flatboat type (Fig. 85), may be in very stable equi- 




Fifif. 85. 




librium, even when the center of gravity is above the 
center of buoyancy, because when the floating body is 
inclined, its shape is such that the center of buoyancy 
" shifts " towards the deeper displacement. Fig. 85 
shows that in this case the forces of weight and buoy- 
ancy still form a couple tending to right the floating 
body. 
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QUESTIOXS. 

1. Define couple, stable eqallibrium, center of gravity, center fli 
huoyani'v, line of direction, homogeneous body, uniform croa 
HvvtUni. 

2, A body falls when, under the influence of its weight only, to 

center of gravity is lowered. What doa 
the ** witch " (Fig. m) do when it "rises"? 
The '' loaded disk " 
(Fig. 87) when it 





Fig. 86. "rolls up-hill"? 

3. Which is more 
I'lisily <)v<'iiurn<Hl upon the hillside, a ton of Pig. 87. 

hay upon tlu> <'art, or a ton of stone upon the 
hjiiiH' rsirt t Why ? 

•I. Why not walk across the bay with cork boots sufficiently iMgc 
to Hustjiin you ? 

U. Two nu'ii carry a homogeneous stick of uniform cross section 

20 ft. long. A Ukes hold at the end, 

^ ^ — 5 B five feet from the other end (Fig. 

Fli?. 88. What part of the stick does each carry? 

6. The same homogeneous stick has two 
]>i«MTM of «'«|ual (TOSS section with the stick, 

and rach 11 vt' ft't't lon;^, fastened to the end ^ 

A aH Hhown in Fij;. 80. AVhere is now the ' ■ 

«•. \s^. of {.\\i\ three (•()nii)ined sticks ? [Exp. Fig. 89. 

KHl and Ki)^. 70 will help you in solving this.] 

7. 1 welj^h the same homogeneous stick, and find its weight to ^ 
M) kg. I hore out a eylindrieal hole at one end (parallel with stlcK) 
four fiM't (h'c'p, and (ill it with lead weighing 20 kg. more than tn® 
" horliign" removed. \Vliere is now the c. g. of the loaded stick? 

M. A Miree-lt»ggcMl or a four-legged stool is (other things beii^o 
ei|ual) more Htahle? (h) Why do old men carry canes? (c) Why^^ 
p^ojde lean to the left when they carry a heavy weight with tl^ 
I'iKld. hanil ? 

0. In what equllH^rlum is a homogeneous ball upon a level table 
^^\n\\\ a Hmooth Inellned plane? A roimd homogeneous stick <^ 
timher upon a h»vi»l Hurfaee is in what equilibrium with reference t 
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incWtiatioiis towards either side ? With reference to juh attempt to 
incliae so as to stand the stick on end f May a body possess more 
than one kind of equilibrium at the same time ? 

10. Why does a ship carry " ballast " ? 

11. What would be the disadvantage were our feet as small as the 

dog's? 

12. Ask one good question, of your own originating, under the 
bead of this chapter. Ask one that you obtained from some other 
text book. Answer both. 

13. How would you lower the c g. of a stool ? 

14. How would you make a row boat less likely to capsize, that 
is, make it more stable while floating ? 

15. Why must one learn to " walk " on stilts and to ** ride " upon 

a "safety"? 

16. Why is it diflBcult to sUnd still upon skates ? 

17. Why does the teamster put on the brakes when going down 

bill? 
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CHAPTER X. 

THE PENDULUM. 

III. — Siwpfnd two balls irf lead by stout 6 
>. V\g. «<)). Vihrate throogh mtaU are», uul coc 
'' trm," etc., to twencjt »a the pendulom 
a ninjjle vibration. Vibrate one throt 
larK" arc ami the other through, a ami 

'I'lie arc of vibration being s 
vibiiLLtouH of a given pendulum a 
li\\u:v. ai'c i^ioclironous. 

Kx ['. 1 12. — Suspend a piece of cork 

by HirliiK "f nqiial length beside the p 
SwiiiK '' and c tf^ther, and count as be 



FiuHH. 'j^ii^, ^jji^j. jjf vibration of f 

■1 nn(, iillVili'il l»v tlu! material of which it i) 



'. M:;. 



Slioj't 



riiiH, bringing a to the pi 
nil It vlhrntr^s twin', while ', viliratcs once as determi 
[iirplla cminl.liKt to twi'nl.y and ten respectively. Let 
" twi'iity " Ih' ii])iik('n liiridi'.r tlian the other numbers. I 
Icrigtii of iMirli ,i,,,>r:y;ii>il'hi U> tlin centers of the balls, 
(itii* IHtndiLJiim to vibrate twice as fast as another, how to 
make It ? 

Tho Icngtbs of two iicnduliims are propo 
the squai-CH of their times of vibration at a gi^ 
Stating inathematicstUy, we have, 
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1 : 1' : : t" : t" 

lenslh length M). of tq. time 
of oftne time of the 
one other of one other 

Exp. 114, — With very fine thread and small lead ball find the 
length of a pendulum that will vibrate 60 times in one minute " by 
the watch," measuring approximately from the center of the ball. 

A seconds pendulum in latitude about SS"" is .993 of 
4 meter long (or about 39.1 inches). 

Exp. 115. — Suspend a piece of soft iron and swing the pendulum 
through an exceedingly short arc. Hold a bar magnet vertically 
l>elow and near the soft iron, and swing the pendulum as before, 
counting its vibrations each time. Does it swing faster or more 
slowly ? How would it swing if we could increase the force of the 
earth's gravitation ? 

The time of vibration of a pendulum varies inversely as the 
square root of acceleration due to weight (Vg). That is, a given 
pendulum vibrates faster at the poles and more slowly as it is brought 
towards the equator. Clocks regulated for one latitude would not 
^eep good, time in another latitude. 



Exp. 116. — Suspend two triangular pieces 
of wood of precisely similar dimensions from 
<>Pposite ends by means of screw eyes as in 
Fig. 91. Swing the two pendulums and note 
which vibrates in less time. Manifestly by 
the "length of a pendulum" is not meant 
the distance from one end to the other. 
These as sticks have the same lengths but 
as pendulums different lengths. The dot on 
^h in the cut is not meant to represent the 
center of gravity of the stick, but another pig.91. 

point near the center of gravity. 

Exp. 117. — Suspend a square-sectioned stick (Fig. 92 a) by screw 
^yes, and adjust a ball b to vibrate in the same time. Fasten a 
short heavy iron clamp at A upon the stick, and time with the 
halL Does the stick vibrate faster or more slowly than the ball ? 



102 



ELE.WESTS OF PHYSICS, 



Vn^U'u rUmp at R ami time. Does the ici^ vibnte faAeror 

riiOH' .4 low ly than thn ball now :* Fasten the iriamp the third tine 

horizontally near the level of the ball's center, and 

a^ljiiAt clamp till the xii:k and baD. swing endlf 

Ifigftther. 



i' A 



i 



B 
rr|K U'A. 



Particles near the top of a pendnluni tend 
io move faster in the arc than the pendulum 
taken as a unit. Particles near the bottom 
\i-A\i\ to move more slo\rlv. Between, upon 
the vertical axis of the pendulunu there is » 
|)oirit which tends to vibrate neither fcister 
nor more slowly than the pendulum tiken 
jiH a unit. This point is called the Ceiterrf 
OHrillalion. 

1 lir loiiicUi of a pendnlnm is the distance from its 
|M»inl (»!" siiHjK'Fision to its center of oscillation. 

\'.\v. llH. Mark tlH* IftVfl of the clamp at C upon the stiA 
'•H'-pciMl *i\\rV hy i^^'^^ I'ins (P'i^. 9:)) on opposite sides at 
MiIm Irvi-I II ml Kwiiit; coiiipariiif^ with the ball. If yon hare 
•:ri( ( i-idril ill l(M;iiiti«; \.\\v. v.i'wUw of oscillatlon it keei)9 thne 
Willi Mm- Ifiill. 

'I'Im' pniiii, of HiiH|)<MiHion and the center of oscillation are 

hih rrhiiinjriihir /inintH. 

Kxr. IIU. l(<'iiiovc^ the. fane from a small clock and 
Ml ltd V llir innvi'inriitH of a bciit x>i^ce of steel called the 
i»m'ii|M»MM*iif //'//*/.'/ I'luni and hrhii/ dcted upon &y the "es- 
i-i\]tt^uwh\ wliiM'l." ('(MiHidcr these three things, the coiled 
Npfiiiir rd ttio <'l(M'k, Mio o.Mcapoment, and the pendulum. 
Wluit (tnuhlv (ijflrc dnpM t.]w. (»H('«a]K^mont fulfill ? How does 
It. "Hiniid Iw'lwrrn'* \\u' HjjrinK and pendulum? It enables Fig- ^*' 
Mk* colled Mprln^ 1(» do what to the pendulum? It enables 
Uw pciHhdfiiii to do what to tho roiled spring? What would hapP^ 
♦ o Mio cdllcd Mprlng If yon should suddenly remove the escapemc^ 
What woidd liapp(>n to the pendulum if you should remove ^* 
<J»c'ai)ement ? 
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The pendulum furnishes an excellent illustration of the change of 

potential energy to kinetic energy and 

vice versa. At A, Fig. 94, the vihrat- 

log pendulum^ s energy is all potential, at 
B all kinetic, at C all i>otential again. 
' Between the lowest point and the ex- 
tremities of the arc on either side, the 
energy is part kinetic and part poten- 
tial. The force of weight W being re- 
solved into its two components a and b, 
the component a is lost so far as affect- 
ing motion is concerned, being met by 
the reaction of the string, while the 
component 6 is effective in moving the 
pendulum. Why will not such a pendu- 
lom swing forever ? The extent of the 
excursion on either side of the vertical 
is called the amplitude of the vibra- 
tion and is measured by the angle BSC, The motion of the pendu- 
lum is classed among "harmonic" motions, because it is like in 
iinportant respects the vibration of the prongs of the tuning-fork, 
the vibration of strings, etc., which produce musical sounds. 

[For compensation pendulum see heat. See Foucault, Galileo, 
Hoyghens, etc., in cyclopaedia.] 




Fig. 04. 



QUESTIONS. 

Note. — In the problem work of this chapter the seconds pendu- 
may be considered to be 1 meter long instead of .993 meters. 
Having the length of your "standard" pendulum, you have two 
t^nns in the proportion (1 : T :: t^ : t'^) given and need to know only 
a third; viz., the length or the time of the other pendulum to find 
^ts time or length respectively. 

^' Define the pendulum, seconds pendulum, length of a pendu- 
^""1, center of oscillation. 

2. How long must a pendulum be to vibrate once in 2 sec? Once 
'^ i of a sec? Two times in 3 sec ? Three times in 2 sec? 

^- A pendulum 16 m. long vibrates in what time ? A pendulum 
J of a meter long? A pendulum J J of a meter long ? 
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4. An ordinary pendulum clock gains or loses time in winter? 
In summer ? What should be done if this clock gains time? If it 
loses time ? Why is the " bob " lenticular ? 

5. A fine clock with compensation pendulum (length unaffected 
by heat), regulated so that its " rate " is a loss of 8 sec. per year at 
latitude ;58°, would have its rate affected in what way if the clock 
were placed in latitude 45° ? If placed at the equator ? 

(\. Does " gravity " (weight) " tend to stop the pendulnm" ? 

7. What takes the place of ** the pendulum" in the watch? 

8. What is a " jeweled " watch, or why is a watch jeweled? [Sec 
friction.] 

1). How many strokes or vibrations must the pendulum make that 
the escapement wheel may turn round once ? [A double vibratiott 
is called a complete vibration in distinction from a simple 
which is called simply **a vibration."] 
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CHAPTER XI. 



lACHDSTE is a contrivance bv which force can be 
id to resistance more advantaeei^uslv. The ad van- 
to be derived from machines mav be classitieii 
• three heads. Bv means of machines, we mav* 

Exchange relority of force for intensity of force 
or intensitv for velocitv. This is called a 

m m 

mechanical advantage. 

Change the direction of our force ; that is* the 
force mav move in one direction, and the resist- 

m 

ance may be overcome in the opposite* or in 
any other direction. The wheel and axle ordi- 
narily gives us this advantage in addition to 
its mechanical advantage. 

Use other forces than our own, as the force 
exerted by animals, wind, water, steam, etc. 

e machines studied in this chapter will be, 

The Lever. 

The Wheel and Axle. 

The Inclined Plane. 

The Wedge. 

The Screw (acted upon by lever). 
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VI. The Movable Pulley. 
VII. The Hydrostatic Press. 

VIII. The Toggle-Joint. 
IX. Tlie Hydraulic Ram. 

Kxi». 120. — Balance the meter stick upon a knife edge/ (Fig. 95). 

Place supports just below at S and If. 
^ ^ Place a weight W (Resistance) of 5 

zz ' 5 ' ?. kilograms, 1 decimeter, from the knife- 

f blade (Fulcrum) towards 5, and place 

Pifif. 05. a force F of 1 kilogram towards 5' 

till there is equilibrium between the 
forco and tlie resistance. Remove supports, and move the point of 
application of the force downward, and by the help of yourknowl- 
ed^e of g(>onu'try (similar triangles) compare the distance passed 
oviM- l)y the force F, and the distance through which the resistance 
W moves with the weights Fand W. 

The great Law of Equilibrium for machines is : 

Force multiplied by Force's distance QFd^ is equal to 
Weil/Id inultiplied by Weights distance ( TFS). 

Stating by an equation, we have 

F X Fd = W X Wd 

We have only to determine some convenient ratio of 
F(l to W(l in each machine, and we have its leverage, or 
mechanical advantage. The distance through which 
tlie point of application of the force moves in a given 
time when the machine is in motion is force's distance 
(^(i), and the distance through which weight moves *^ 
the same time is weight's distance ( WS). Or the "arm 
of Force and of Weight respectively may be taken io 
Fd and Wd when these are evident. 



MACHINES. 



107 



F 
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1 



1 



There are tliree forms of the lever (Fig. 96), known as first class 
/.between)^ second class (W, between), and 
hird class (JT, between). Levers may be 
(traiglit or curved. 

In tlie lever 
Pel = perpendicular distance from 

f to the line of direction of F. 
YfH = perpendicular distance from 

f to the line of direction of W. 



W } 



w 




Fiff. 06. 
Exp. 121. — Balance a heavy known 
weiglit, W, upon an axle by a lighter force, F, upon the wheel as 

shown in Fig. 97. Move F downward ecjual 
to the radius of the wheel, and measure 
carefully through what distance (or space) 
the resistance W is overcome. 

In the wheel and axle 

Fd = the radius of the wheel (cir. 

or diameter) 
Wd = the radius of the axle (cir. 

or diameter) 

Fifif. 07. 

It will be noticed that the wheel and 

axle is only a disguised, continuously acting lever, Ff (Fig. 97), 
\>emg the Force arm oi the lever, and TF/ being the weif/ht arw. It 
will also be noticed that a convenient change in direction in addi- 
tion to the mechanical advantage is secured by the wheel and axle. 
If change in direction only is desired, a 
fonn of the wheel and axle shown in 

%. 98 called a Fixed Pulley is used, in / f \^ "^--^.f' 
which the radius of the wheel is equal to 
the radius of the axle, that is, the wheel 
*^daxle are combined into one. Here, 
®^ course. Force and Weight are equal, 
^^^ it is not necessary that the direction Pi^, 98. 

^' ^lotion shall be opposite. Force may 
^^^ in direction F\ or in any other direction, by a combination of 
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Exp. 122. —Weigh a smooth inch board (4x1 dcm.) with screw- 
eye and tliree balls (used in Exp. 90). Arrange a smooth inclined 
plane 1 meter long by 3 decimeters high. On this plane place the 
three balls carrying the board, two at the lower end on each side, and 
one at the upper end in the middle. Attach in front by means of the 

screw-eye a delicate dynamometer 
(1), Fig. 99), and note its registrar 
tion when it is held parallel to the 
incline, comparing this to the weight 
of the load, and the two to the 
height and length of the inclined 
plane. 




Figr. 00. 



(b) Bore two holes through center of the inclined plane about one 
decimeter apart, and saw out a narrow piece between them. Attach 
a string through this to the screw-eye now fastened to the middle of 
the board below, and hold the dynamometer 1/ parallel to the base 
of the plane. Compare registration, load, height and base of plane. 

In the Inclined Plane 

Fd = the length of the inclined plane 
Wd = the height of the inclined plane 

when F acts parallel to the incline, and 
Fd = the length of the base, 
Wd = the height of the inclined plane, 

when F acts parallel to the base. 



Exp. 123 — Cut out a wedge (Fig. 100), and rule a line from the 
center of the back to the apex. How many inclined planes have 

you in the wedge, and how are they placed" 
Does the force of the percussion act parallel 
to "the base," or to "the incline"? Have 
you ever seen a simple inclined plane pushed 
along instead of driven ? Where ? 

Note. — No problems will be given under 
the wedge, as friction and kinetic energy would enter into them so 
largely; and no problems will be given in which the force acts at ^ 
angle with the incline other than parallel to the base. 




Pig. 100. 
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?. 124 — Turn a screw by means of a lever F^f (Fig. 101), 
ely once around its axis, measur- 
.refully the distance which A de- 
s or rises. Compare this distance 
he distance between the threads 
5 screw measured parallel to its 
More accurate results will be 
led if the lever is turned com- 
7 round, say, ten times, and the 
ice between ten threads measured, 
re any similarity between a screw 
Q inclined plane ? Explain. 




Pifif. 101. 



the screw acted upon by a lever: 

I = the circumference described by the lever. The 
gth of the lever" is the perpendicular distance 
the line of direction of the force to the vertical 
of the screw. 

d = the distance between the threads of the screw, 
;ured parallel to the axis. 

p. 125. — Arrange three sets of pulleys with continuous cord 

as shown by -4, 5, and C, Fig. 102. E repre- 
sents one end of the cord showing attach- 
ment to the casing of the pulley and F the 
force end of the cord. Balance two weights 
F and W (counting weight of movable block 
as part of IF), the heavier the better, so that 
the friction shall tell similarly against each. 
In each case move down F till W rises one 
decimeter. Compare the distance F moves 
with the number of cords which sustain the 
movable block. Compare also quotient of 
W -r- F with number of these cords. 
le pulley with its casing is called the Block. The block which 
is is called the Movable Block, and the other which does not 
J the Fixed Block. The pulleys are also called respectively fixed 
ys and movable pulleys. Be careful to attach the weight to the 
ig of the movable block and attach E with care. The cords sus- 
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becomes tbe force F proper lo appl; to Ihe press, and from tbis &a 
the force the total pressure W upon the platform is found The 
priDciple upon which the 

Hydrostatic Press acta is v* w i^J^ p 

very analogous to that of y j' ■■'■■■■ i^ lj 

the Movable Pulley. By [ 

means of the pulley we "^ ' \ ' 

multiply "pulhng ' lines I | :f 

of force through the mul ^. T't f t1,T'",t '"' ^, 

tipUcation of sustaining ^-ts::l ^?- - * ,. r ,. i . L .-l . — jX-^ 

tords Our multiplication j,j y^^ 

is practically limited by 

friction, etc In the press through the pniitiple of the transmission 
tF pressure by liquids, ne multiply ' pushing" lines of force, and 
the press is nearly frlctionli>ss for any amount of mechanical 
»dvantage CC are eonnetting chambers suppljlng liquid, and V 
utd I are the vaUes of the force pump What is V used for? 
r ? The arrows represent quite imperfectly the pressure in all 
directions, the ^ective pressure being upward against Ihe bottom 
ol the cylinder carrying platform 11^. A small or portable Hydro- 
Uatic Press Is called an hrdmilllc jack. 



Eip. 137. — Fasten two strips of board (Fig. ITO), about 4 decl- 

ncUn by 4 centimeters, endwise by a slightly worn and oiled hinge. 

Drive a nail into the tabic, and lay 

one end (hinge downwani) against 

the nail. Find with dynamometer 

I ^ how much force is required to move 

Fig. 106. ^ brick or other heavy body upon 

the table. Lift the hinge h about 

Sfoitiineters and place the brick ir against the other end. Apply a 

■eieht (force) at F to move H', and compare this force with that 

fgistered on the dynamometer. 

'^ Toggle-Jolnt is used where great foree is required to be 
'wrted through short distances. Itaform Is for convenience some- 
'iiM* employed, where the principle is not required as in the buggy 
•op. Fd and irrZ varying constantly with the angle of the joint, no 
problems upon tlic toggie-joint will be given. This machine Is often 
railed simply a Toggle or a Knee. 
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.LAJ/E.vr^ or PHYSICS. 

:?*. ArtiftAii^*; A ?u|»ptT tnbts i» from a dish o4 water nd 

.amp cliimiley C as an air *— 
1 bvr. With wax and pieces of ! 

^* airansse box and valve F, 

•^„ I' 'usL heavy enough 

lo -^in^ in water to tne 
:«vrt5 below. The proper 
:uay be obtained by loading 
'^ii;^aiiy on top. Let tube o n 
• -K J^- a Uttie iii^er than the 8urfacerf| 

ihe supplying reservoir. 
M>tiiautii' lUiiu - •. .iuvtroicni uuMihine for raising wiWl 

- '.!:/-;ii^ . nc kiiitriie energy of the flow. TW»» 

. . .■ ». .M.iv:ii.i .£ -Ut; dow (atter it has attaiiwd Mi 

, ,. v . a....- r iriv^rii upward by the cnneat 

^ -..L'.»..i [j^.ii -?o that water enters an »»'' 

.:.^ v/. u !i.: ;&uk. or reservoir above. Of conn* 

..^..' L . tj.v*ii.^ .u 111-- supply pipe .S oan be raised, « 

. ..,...* *»- ;.» li.jL :uake water of itself rise abort 

:iijk.i ' ^^^trjeL .l^ft level* 
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'.V ■ t..^;i .V,.. .v..i\iv..iLi Vide* of a brick and place it <» 

^ . , .w. ...i-, IK 'iciiutr -io that the brick will justdWe 

.... .L ' ^ ' « -iv ..... .'.. ".Kj .11.. All vile* vary materially ? (b) ^'^ 

,,...,1^' *" -^ . . i- .. !i*. irvL iini nuil AU^le of sliding, fe^* 
;:vA'^^ '^^ ''*».•• -^uit' -mootli substance between tte 

>,:a'.v V.'- ''^ ■•^-.ii.. ...vL 'h.i liij^lo. »'M Vind angle when brick » 

VxA<*'^ i-''^> ^^I'l v.va.-cvi. tii.i Aii:^i^' Ait^^r briirk Is held still upon 
^ilaiic i*^-' ^'"''^^ ^^»iv. \\ \ur\i .s '.Ar-. r .' i-'j Place on plane a pi«<* 
oi rouiiv'. Mio.aiu^ ., ..,\i • ^ ■...n^iui.Uiuu :ixU parallel to the Incline. 
;Mul liicii uiu i\i:i '.*j luiiioui.a.i •..vjsjitiou. Molding slides or roU»»' 

¥rktiouU \.\xy, ivslsuiuv.-t' r.ftered to motion bytvo 
j^ariiu:es lu «:«juuiei. 'V''iii:> \:s duo to the roughnesses 
,H>()n t\»«jin. \j«)\i>\vt:d -vu\'iUM.-s ^v^?u not Wing perfectly 
j^tnootAi. Vr'n:\.\,,ii (A) w\t\ilu iimderAte limits is n*^^ 
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rtional to pressure, (3) varies with the nature of tlie 
rfaces, in general being greater between like surfaces 
d less between unlike, (4) increases (to the niaxi- 
um) with the time the surfaces have been in contact, 
id (5) is greater when the surfaces dide than when 
ley roll, that is, "rolling fi-iction"is less than "slid- 
ig friction." 

By the eflBciency of a machine is meant the amount 
)f useful work obtained from it compared with the 
amount expended upon it. If we do 100 kilogram- 
meters of work upon a machine, and 1:^ per cent of it 
is lost in useless friction (wliich is by far the greatest 
loss in ordinary machines, but see steam-engine), the 
efficiency of the machine is 88 per cent. Is friction 
ever useful ? 

Note. — See capstan, overshot wheel, hreast wheel, undershot 
wheel, turbine wheel (what is the usual position of its axis ?), PoUon 
wheel (undershot, made to stand water flowing under tremendous 
head), gearing, machmery, etc., in cyclopajdia and works of reference. 



QUESTIONS. 

^lOTE. — Take no account of friction in solving problems, but 
^'ork by tlie " Law of Equilibrium." 

^' A lever is 8 m. long and /is 2 m. from the weight end. F = 
'"^^- What is W? 

^- liadius of wheel, 10 dcm., of axle, 4 dcm., F = 25. W ? 

o 

' A boy can lift 80 lbs.; can he alone put a barrel weighing 
^^s. into a cart 4 ft. high ? How ? 

t.ever acting on screw = 6 ft., distance between threads of 
^^ (parallel to axis), i in., F = 60 lbs. W ? 



?:..T;ifryzS' oe- Bsr:iDrs^ 



Hz. .071* «OB& ^ ¥«L.f 3L.^riM^ ^acxDBDiZBsmat (fisacrift«t£ br the 




^ Itt -tBc ^ir mrscmr,. §r*tnTini>^iilIg; would 







JL»- Tav ui tM- aura ^wKm^ * >Lat jcmw*"^ !»• cais«> fcnilHmgK^ 
^nil iiMii ~iitt .^yvT ly a iftfit^ li: ^Ksssh. InfiOBBf ti^ wmk roostmnt 
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I4r. JL itiy '<Mr»^v A Oifa.'^ ^ttuion ^15^ imfaa&^ «f ;& n9pe> potsaii^ over 
i i»^Aai- Doti* :iiii* r>^«'^>tin •* nkwir'^ xSat ^y ? How is it if lie raises 
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CHAPTER XII. 

HEAT. 

Note. — Heat is a name applied both to a cause (molecular 
motion) and to an effect (sensation). The physicist uses the term 
usually in the former sense. According to the Kinetic Theory the 
molecules of all matter are in irregular motion (like a swarm of flies). 
When this motion is increased in a body it is warmed ; when this 
motion is decreased in a body it is cooled. Heat is therefore a 
form of ener^. As we know from countless observations that this 
energy in a body is constantly being expended, energy in the form of 
heat is kinetic energy. 

SOURCES OP HEAT. 

Exp. 130. — With a small hammer strike obliquely the surface of 
a rock (flint, iron pyrites, etc.) while curtains of room are drawn. 
You '* strike fire." What is the cause of ihe heat ? (h) Pound a 
piece of coarse copper wire, or a nail, upon an anvil. Is the nail 
warmed ? Why ? (c) Place a gimlet bit in the bit stock, and bore 
rapidly into hard wood. Why is the bit hot ? These results illus- 
trate the transformation of mechanical energy into heat energy. 

Exp. 131. — Take the temperature of the water which half fills a 
large test tube. Pulverize a teaspoonful of quicklime, and pour into 
the water. Reinsert the thermometer. Does the mercury rise 
slightly or fall ? Part of the quicklime has imited chemically with 
the water, producing heat. What do you do when you " build a 
fire " ? You furnish conditions for what ? 

Exp. 132. — Pass a current of electricity through a very fine, short 
piece of platinum wire; or fasten a file to the positive pole of the 
source of the current, and rub it with the negative pole. [It isn't 
necessary that a battery in which there is chemical action shall be 
the source of a current of electricity.] 
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me in each hand, and immerse horizontally to equal depth in flame 
[of Bunsen's burner). Drop one, only when too hot to hold. Which 
do you drop ? Why this instead of the other ? 

The distribution or passage of heat from molecules to 
other molecules that are adjacent is called Condnction. 
Metals are good conductors and glass is a poor conductor 
of heat energy. Do you know of any other poor con- 
ductors? If air were a good conductor what would 
happen to the end of the thin walled glass tube which 
you held horizontally ? 

Exp. 135. — Fill a narrow test tube full of cold water, and holding 
by the bottom, heat the top in Bunsen's flame; when the top is boil- 
ing hot what is the condition of the bottom ? 

Water is a poor conductor of heat and so are liquids 
in general, and gases. Do you know of any liquid that 
18 a good conductor ? 

Exp. 136. — Heat a test tube full of water into which walnut 
saw-dust has been put, holding tube obliquely 
over flame F, Fig. 108. Observe motion of saw- / 

dost. , A---/ 

(ft) Cut a disk about 8 centimeters in diame- / / 

t^r from light cardboard. Make of it a *'wind / // 

^^ " by cutting with scissors from circumfer- / y 

fince nearly to the center, and turning up edges ^ / 
^ a little less than 45°. Stick pin upward \^/ 
through center and hold above flame. p 

Masses of liquids (except metals, ^^^' ^^®' 

^Wch are good conductors) and gases, must be heated 
^y ConYection, that is, by circulation. 

Heat expands fluids (see Exp. 146) and the colder and there- 
fore heavier (per cubic centimeter) fluid upon the side falls and 
P^hes the lighter, warm fluid, water or air upward. The cold fluid 
^088 not flow in " to take the place of" the warm fluid, but the warm 
fl^d is pushed out and gives place to the heavier cold fluid. 
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marked. Plunge bulb of flask into hot water. What first happens 
to surface in tube ? Why ? What next happens ? Why ? 

Exp. 140. — Arrange a flask as shown in Fig. 111. Place hand 
on bulb, what happens in beaker below ? Why ? Use the heat of 
both hands for awhile and then remove them. What 
happens as the bulb cools ? This apparatus is called an 
^^air thermometer,'*'* 




i 



In general Heat expands solids, liquids, and 
gases. By this effect the intensity of heat is 
measured. Temperature refers to the inten- 
sity of heat. If the intensity is great, we 
speak of the body as being at a high tempera- 
ture. Instruments for measuring temperatures 
are called thermometers if the temperatures 
are moderate, and pyrometers (usually platinum ^' 
rods) if temperatures are high. Thermometers con- 
taining alcohol as the expanding liquid, are used to 
indicate very low temperatures, as those of the polar 
regions. Why? [See Section IV., Appendix.] 

Exp. 141. — Examine carefully a chemical thermometer with centi- 
S^<ie graduations on one side and Fahrenheit on the other. Imagine 
that you have two thermometers precisely similar in 
every respect except in graduation and standing side 
by side as shown in Fig. 112. 

The lower horizontal line represents the freezing 
points, and the upper the boiling points of the ther- 
mometers. Consider these in transferring the registra- 
tion, as precisely like two ladders, ten of the spaces 
between the "rounds" of C being equal to eighteen of 
the spaces between the rounds of F, Work with refer- 
ence to the freezing point, but record with reference to 
zero as in the following examples: 

1. lo^ C = what registration F ? 
-^, - 2. 14° F = what registration C ? 
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SOLUTION 1. 

15 spaces above freezing point C = 27 spaces above freezing point 
F (that is, 10 C = 18 F, then 15 = 1^ times 18 F), but 27 spaces 
above freezing point must be recorded with reference to zero. 

32° + 27° = 59° F. Ans, 

SOLUTION 2. 

14° F means 18° below freezing point; but 18 spaces F = 10 
spaces, C, therefore the mercury stands at 10° below freezing point C, 
but this must be recorded with reference to zero. 

- lOP C. Ans, 

A maximum (self-registering) thermometer may be made by putting 
a short piece of steel wire above the mercury and inclining ther- 
mometer, so that when the mercury falls, the adhesion between the 
steel and the glass will hold the wire at the highest point reached. 
A minimum thermometer is made by placing a short piece of glass 
rod in similarly inclined thermometer, containing alcohol instead of 
mercury. The glass rod below surface is drawn backward by the 
alcohol not breaking the surface film, and on reaching the lowest 
point remains there while the alcohol in rising flows above it. 

The Coefficient of Linear Expansion of a body is the fraction of 
its length which a body expands when its temperature is raised from 
0° to 1°. As you will see from Section VIII., Appendix, the expan- 
sion of brass is to that of iron approximately as 9: 6. Advantage of 
this unequal expansion of the two substances is taken in making the 
Compensation Pendnlnm* In this, by proper adjustment, the 
upward expansion of brass rods lifts the bob and balances the down- 
ward expansion of longer iron rods. The center of oscillation is 
thus kept at the same distance below the point of suspension, regard- 
less of the temperature. Mercurial compensation pendulums are 
also used. 

The Coefficient of Cubical Expansion is the fraction of its vol- 
ume which a body expands from 0° to 1°. For gases this coefficient 

is jjj^j, that is, 273 liters of a gas at 0° if heated 1° expand to 274 
liters, and if cooled 1° contract to 272 liters. By the use of Mari- 
otte's Law and this coefficient we are able to correct for varyii^» 
temperature and barometric pressure, when we wish to make ver5 
accurate experiments with gases. 
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j>. 142. — Fill three basiiis with ice water, blood warm water, 
lot water respectiTely. Place one hand in the first and the 
hand in the last, and, after a little time, remove and place both 
s in the other dish. 

; is a well-known fact that we can not rely upon the 
^tion of heat in estimating with accuracy intensity 
leat. If our bodies could be kept perfectly normal, 
^tion would be an approximately good standard. 

For intensity affected by distance from source, see 
at.] 

QUANTITY. 

iOTE. — A capfoll of boiling hot water does not contain so much 
it as a barrelfull of blood warm water. This may easily be 
•ved by applying heat to these two quantities respectively of ice- 
d water. 

A Thermal Unit ^ is the amount of heat necessary 
raise one kilogram of water 1°. This is approxi- 
ately the same anywhere upon the scale from 0° to 
)0°. A thermal unit is often called a Calorie. 

Exp. 143. — In a large glass dish wrapped with flannel (" jacket ") 
»st removed from a warm wooden box whose inside temperature is 
Ijout 35°, mix as quickly as possible 1 kilogram of water at 15° and 
> kilograms at 60°. Stir promptly with thermometer through hole in 
enter of non-conducting cover, and observe temperature. How 
'ear the theoretical result do you come ? [Hot water may be simply 
^ured into the cooler without the use of the extra dish.] 

Example. 

1 kg. water at 15° = 15 Thermal Units { ^iS^w*^.''?? } 
.5 kg. water at 60° =^ Thermal Units 
1.5 kg. )J5 T. U. 

30° Ans, 

1 Used in this book 
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Problem. — If I mix 10 kilograms water at 60°, 80 kilograms at 
40^, and 120 kilograms at 80^, and lose no heat by radiation, efc, 
wliat will be the temperature of the mixture ? 
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LATENT HEAT. 

Exp. 144. — Take small pieces of ice and an amount of water as 

nearly of the same weight as you can. 

Place the ice in one dish and the 

water in a similar dish (Fig. 113). 

Apply heat by two flames H and tf 

of equal heating power if possible. 

Stir with glass rod the ice. When 

the ice is almost but not quite melted 

take the temperature of each. —If we 

could avoid unequal losses by radia- • 

tion and in other ways perfect the 

experiment, using dry ice at 0^ and 

water at 0°, what is represented in 
Fig. 113. pjg JJ3 ^,^^1^ ^^^^ ^y^jlg ^Ijgice 

was melting the water would rise to 80°. After this each would 
rise equally. 

The Lsitent Heat of water is 80.^ By this we mean 
tliat it takes 80 times as much heat to melt a given 
quantity of ice as it does to raise the same weight of 
water 1°. It takes 80 thermal units to melt 1 kilogram 
of ice. We may repeat again by saying that it takes 
as much heat to melt 1 kilogram of ice as it does to 
raise 1 kilogram of water 80°. 

Ice in melting absorbs heat. We put heat into ice at 0°, but 
instead of raising its temperature the heat does mechanical work 
upon the ice analogous to pulverizing, that is, it liquifies the ice. 
To molt ice work must be done against the force of cohesion. Thus 
energy is stored up in the melted ice as it is stored up in the W^^ 
weight ui)on which mechanical work has been done (Exp. 83, <*)• 
Latent heat is not then really heat, but stored up energy. Melting 
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^* cooling process.''^ Eighty tb»TziiiiJ uiiKf frun Mfii««- kuur«> 
intensely hoi than the lufltiui; ]«'•- ihuh: ''•iiii» K' iii*- i*> >i< 
IB of that given out by the i'/e ¥h»*i»*'^*:j J i:ii«/x:*iiit- «i? i«;» ■ «• 
ad- Freezing is a " warmini^ juxkhh*..' Jr fr«?*rx'iir J rii<ir.*fc"- 
e water must give out 80 thTuiaJ uui> lo ui'j*r'r> «•?<»» iiii**ii»«-:;i 
•hai-Ti ice in excess of that nhi'.'L ii r*'.'-*r\ih. V*-t»4fUii#4»r* u*j ij«fi 
le at 0°, but at, say, 2'" below 0'-. JL^**i. i*:*- VB>rf :i. ^ i>:;mr 
often prevent vegetables froiu irnfrTJut:. !i»?'»ui»^ ••^•rri ri«*is'.ntiii. 
36 water in freezing must {riv«r out lo 'iw^i*"r'> «-^i«j»-» '^inti. i? ^j 
■ of heat. This preveutb ve^«'Ul.lJi«r^ ^;on. lb.il: ujr v^ 6y4^r«f !r«;«rxr 
point. 

IXAMPLE. — If I mix 40 kilojTHXui' of ¥a*>*r k! li'> 'K-j r t'tj^r^tut 
DP, and 10 kilograms of n-*-. */ i-o /•*«? t* I'tn^ v. uit* v..'. i> Ui» 
perature of the mixture ? 

40 kg. at 90° = :>•/>• T. T'. 
60 kg. at80=» = 4^>j'r T\ 
10 kg. ice = — ■*'•'' I . \ . ^ 



II** ■'. iij' 



110 kg. ) T'i'*" 

Bzp. 145. — Find the M^tJijd:; P'^iij! r,*-.. fr**-/. :.;' '/r •I'/.'j.fy.Ti/ 
Int) of tallow by partly meJiiu;: a '^-x^:/.'.'.}. hN';. fr.'io -..:,;' »/>vf'» 
beat, stirring a short time witb iii*-r!;jvyj**^>'r. t^lr.;' »vr»- tli^i 
16 solidifies upon the bulb tilJ atfl/r jo'j JAa-.*- '-jik*-:- •;>*■ v f/.;^'rii-1.u;*-. 

Different solids m el I a i d j ff *r; '- u t *'<; in; *'' .'a" u ; ''*., W j i }j 
iKStant pressure the Meltijjjj PoJ;:t io;- aj;v riAhAau*-*- 
constant, and iis the sarue a--, iIj'; Fi'-'-zi/j'' or tli^- 
ilidifying Point. The lateul Ij^-at of fij-iojj i,-, ^Jiff^-j- 
tt for different suTjj^tauces. .Sorue --ijl^taTi''*^- ^I'-^-ouj- 
)6e into other cheinical coinj^^urids ijjht/ra/] of in el tin;:. 
hen heat is applied. [Ajjp., S^.-ct. IV. and VJI.] 

Tfixp. 146- — Mix pulvi-rized salt arj'l ic*- in alt^mat*' layers in a 
^ck gjUiss dish standing ujKin a w*-t pi^r-** of iKianJ. Plar-e in the 
fixture a thermometer and a unall f-ov^red Ik-ak+r with a little 
^ter In it. Be careful that no <<alt irH< into thf In^akf r. The tem- 

' Presumed to be at (f uDleee otherwist- mentioned. 
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perature observed should be at least below — - 10°. Observe also 
water in beaker and the outside of the glass dish. In about ten 
minutes lift the dish with attached board. 

The Freezing Point (and therefore the Melting Point when both 
salt and ice are melted together) of a saturated solution of common 
salt is far below 0^\ In freezing the salt separates and the ice is 
nearly free from it. In order that salt and ice may melt together, 
they must absorb (make latent) a large quantity of heat from 
objects near by, and therefore these objects are reduced to a tern- \ 
perature below 0°. Substances whose Freezing Points are about 0^ 
are easily frozen by such a Freezing Mixture* 

There are many exceptions to the general law that " heat expands 
and cold contracts." Liquids that crystallize in solidifying, expand 
as they assume the solid state. Water expands in cooling from about 
4° to 0°, and then there is a sudden and great expansion. When ice 
melts it contracts. The melting point of substances which contract 
in melting is lowered by pressure. [See Latent Heat of Steam, 
Exp. 152.] 



SPECIFIC HEAT. 

Exp. 147. — Take two large thin test tubes, and put into one 
a little mercury and into the other an equal weight of water 

(13.5 + volumes). Expose each equally for a 
little time in a small flame and rapidly take 
temperature of each, taking that of mercury 
first. Could we surround equal weights of 
water and mercury with perfect conditions on 
applying equal heat at H and H\ we should 
observe what is represented in Fig. 114. The 
mercury would rise 30^ while the water was 
rising 1°. (See Appendix, Section V.) 
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The Specific Heat of mercury i^ 
By this we mean that it take^ 
only -^Q as much heat to raise a givexx 
weiglit of mercury 1° as it does to raise the saiae 
weight of water 1°. It takes only ^^ of a thermei,! 
to raise 1 kilogram of mercury 1°. Again w« 
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unit 
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i^y say that 1 thermal unit will raise 1 kilogram of 
^^I'cury 30°. [Specific heat increases very slightly 
"^^th temperature, but this book will treat it as con- 

The specific heat of ice is almost exactly .5. If we 
^^iould expose 1 kilogram of ice in the polar regions to 
^^ atmosphere of — 40°, of course the ice would soon 
^^quire this temperature. It would then require 20 
"thermal units to raise the temperature of this ice to 
0° again. Why ? 



Example. — If I mix 80 kilogram of water at 40°, 4 kilograms 
at 90°, 100 at 80°, and 20 kilograms of ice at — 30°, what would be 
the temperature of the mixture, not allowing for losses of heat ? 



80 kg. at 

4 kg. at 

100 kg. at 

20 kg. ice at - 


40° = 
90^ = 
80° = 

-30° = 


3200 T. U. 

360 T. U. 

8000 T. U. 

( — 300 raising to 0° 
) — 1600 lost in melting 


204 kg. 


) 9660 T. U. 
47° + Ans, 



The great latent heat and specific heat of water moderates the 
"extremes of climate." If the latent heat of water could be 
changed to 1, the extent of the disaster could be scarcely imagined. 
Hiver valleys would be uninhabitable because of floods, and the 
'^pid freezing and thawing would make spring in the temperate 
zones unendurable. If the specific heat of water were changed 
^ ^ like that of mercury, water would have far less effect in 
Dioderating temperature. Heat used in raising temperature is called 
Sensible Heat, in distinction from that used in overcoming cohesion. 
The latter becomes latent or changed to potential molecular energy. 
The varying specific heats of the metals (Appendix, Section Y.). 
make unreliable the conclusions of amateurs upon the relative 
<^onducting powers. 
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ABSORPTION AND REFLECTION. - 

(Of Radiant Energy Absobbed as Heat.) | 

Exp. 148. — Take a bright sheet of tin or polished brass and 
reflect the radiant energy as you would reflect a ball, screening the 
object (hand or thermometer) upon which it is reflected from the 
direct radiation by any convenient screen. 

(h) Blacken in the flame of a candle one tin can, and polish 
brij;ht another. Put a thermometer into each, fill with cold water 
and set near any radiating surface, or expose to the direct heat of 
the sun. In which thermometer does the mercury rise faster. 

Polished brass is one of the best reflectors, and lamp- 
bhu;k is one of the best absorbers of the radiant energy 
absorbed as heat. Good absorbers are 'good radiators, 
and of course, bad reflectors. Good reflectors are poor 
radiators, and of course, poor absorbers. A substance 
can not be both a good absorber and a good reflector at 
the same time. Any ordinary object (one not develop- 
ing heat within itself as flame) that is neither ris- 
ing nor falling in temperature must be absorbing and 
radiating the same amount of heat energy. The appar- 
ent radiation of cold, when for instance, ice is brought 
near th(} bulb of a thermometer, is explained by th^ 
fact. When the ice is near, the thermometer is radiate 
ing more heat than it is receiving. Cold is merely 
absinice of heat in a greater or less degree according to 
the " intensity of the cold." [For refraction and trans- 
mission of radiant energy see light.] 



VAPORIZATION AND CONDENSATION. 

Note. — If vaporization takes place slowly and quietly it is call^^^ 
evaporation, if rapidly and noisily, the vapor escaping from the sur- 
face of the liquid it is called ebullition, or boiling. 
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ilxp. 149. — Put a flask half fall of cold, distilled water upon a 
d batb., and heat. Dip into the flask a very slender, lighted 
•er, reaching the flame down nearly to the water, while the water 
yet only warm. Remove taper quickly not getting smoke into the 
sk. After the water begins to boil adjust heat so that water will 
a\ quietly. Try taper again. Meaning of the different result? 
•oes tbe air touch the surface of boiling water ? Why not ? >Vhat 
•uslies tlie air off ? 

(b) Place a thermometer in the liquid, the bulb just below the 
sorface, but not touching the bottom of the flask. At about what 
VoVnt does it stand ? Raise the bulb just above the surface ; how 
does the mercury stand ? Double the heat of the flame, and test 
temperature of steam and water. Is there any perceptible difference 
in temperature with increase of heat ? Do you observe any change 
at the mouth of the flask? Is the heat which "escapes the ther- 
mometer" doing any work ? 

Water ^ boils at 100* C. The boiling point is constant. 
Additional heat only increases the rapidity of the vapori- 
zation without raising the temperature. The tension of 
the vapor of a liquid boiling in the open air is one 
atmosphere. 

Exp. 150. — Put some fine salt into the water used in the last 
experiment (as much as will dissolve), and, boiling again quietly, 
take temperature of vapor and then of the boiling salt water. 

V>) Put a small beaker one-third full of ether into a large beaker 
containing a little water. Place on broad sand bath, and as soon as 
ether begins to boil take its temperature. [Be careful that the ether 
Qoes not take fire. •If this accident happens, let ether burn up 
quietly. See that nothing combustible is near, especially above it.] 

Different liquids have different boiling points. In 
general light liquids have a lower, and heavy liquids 
(including solutions of solids), have a higher boiling 
point than that of water. [App., Sect. VI.] 

* At sea-level, barometer at 760 mm. 
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£xp. 151. — Franklin's Experiment. In a well annealed, roc 
bottomed flask place a little water. Boil, raise from sand 
quickly and fivmly stop with rubber cork, and invert in ring of ret 
stand. Pour on bulb a little cold water. Wipe dry and pour 
again. The bulb V contains hot vapor of water, which 
condensed by the cold water, relieving the liquid surfa 
of pressure; and the water will continue to boil thus 
the temperature is very much below the ordinary boil 
point. 

Pifif. 115. Water boils at a lower temperature upoi 
mountain-peaks than in the valleys beneath,] 
because the atmospheric pressure is less there. Vege- 
tables must be cooked much longer at high altitudes. 
An ascent of about 290 meters lowers the boiling-point 
1°. At Quito water boils at about 90°. Below the sea-.' 
level, as in the Dead Sea Valley, boiling water has a 
higher temperature than 100°. If water is inclosed, as 
in the boilers of steam engines, it may be heated far 
above 100°. If a boiler containing such highly heated 
water and steam explodes, much, if not all, of the 
water immediately turns into steam. 

« 

If, while water is boiling in them, two Franklin flasks be suddenly 
connected by bent glass tube just reaching through perforated corks 
the apparatus inverted becomes a ^^ pulse glass.'*'' The heat of the 
hand will expand the vapor, and drive the liquid into the opposite 
bulb. If a pulse glass contains as the liquid (folored ether or alco- 
hol, and the connecting tube be long enough to hold more than all 
the liquid, vapor only remaining in the bulbs, the apparatus becomes 
a Di£ferentlal Thermometer. If the liquid stands higher in the 
right-hand arm of a differential thermometer, which bulb is i^ 
the warmer place ? 



Exp. 152. — Arrange apparatus as in Fig. 116, except do not con- 
nect chamber B with beaker C till water has been gently boiling i^ 
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for some minutes. Let beaker be previously weighed, and 
water and \>eaker. Pass steam through 
!r in C (wliich. should be well "jacketed" 
covered, and the temperature taken just 
re passing in steam) till temperature is 
it 80°. Remove B and weigh C, finding 
' much water condensed from steam has 
jred the heaker. Water condensed from 
m has a temperature of 100°. Solve your 
t)lem and find out if this much water at 100° 
raise to 80° the amount at first in beaker, 
viously you got a lower temperature than that computed for the 
:ture, why do you now get a higher one ? 





Fiff. 116. 



The latent heat of steam is 537 (about). This 
lans that it takes as much heat to vaporize a given 
light of water at 100^ as it does to raise 537 times as 
ich water 1° It means that it takes 537 thermal 
lits to vaporize 1 kilogram of boiling water. It 
eans that 1 kilogram of steam at 100° in condensing 
to water at 100° gives out 537 thermal units. 



Example. — If I mix IQ kilograms of ice at — 40°, 20 kilograms 
water at 30°, 500 kilograms water at 20°, 10 kilograms at 0, and 
> kilograms of steam at 100°. What will be the temperature of the 
lixture, if no heat is lost, and none received from without ? 

Weight. Temperature. Thermal Units. 



10 kg. ice at 

20 kg. water at 

500 kg. water at 

10 kg. water at 



o _ i "" 200 raising to 0° \ 



30° = 

20° = 

0° = 



10 kg. steam at 100° = 



550 kg. 



800 lost in melting ) 
600 
10000 


5370 ( 10 kg. in condensing 
1000 f boiling hot water 

) 15970 T. U. 
29° + Ans, 
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Exp. 153. — From a flask containing saZt water, and having aa 

extra safety tube running through 
doubly perforated cork (like tube ia 
Fig. 9), pass steam through the tube 
ab of apparatus (lamp chimney and 
tubes) shown in Fig. 117. Let water 
run from source (faucet) S as shown. 
It enters cold at E and emerges 
warm (why ?) at O. Use only heit 
enough to boil water gently m flask. 
Taste water that drips into beaker from 6. 

The apparatus shown is called a Condenser, and the procew of 
thus separating a liquid from impurities is called Distillation. The 
flask is called a retort or still. The process of separating more 
or less completely liquids having different boiling points is called 
Fractional Distillation. 




Fig. 117. 



Exp. 154. — Heat a little water in the bottom of a deep 
till it is quite warm. Lower into the beaker nearly to the water a 
cold J dry test tube. Moisture is deposited upon it. 

Given equal volumes, a cold space can not hold as 
much vapor as a warm space. By the dew point we 

mean that temperature below which in cooling water- 
vapor can not be lowered without being deposited as 
dew. The deposit will begin in each case when the 
water-vapor exerts the maximum pressure which it can 
exert at that temperature. Though the air has nothing 
whatever to do in determining this temperature, the 
meteorologist says that when sufficiently cooled, the a^f 
deposits dew. 

If we heat a cellar containing very damp air, the air seemi t^ 
become more dry. It becomes capable of taking up more moisture^ 
and therefore has the same drying effect upon damp substances? 
including the human skin, as though it had really become dryer ^^^ 
had remained at the old temperature. 

That special science which treats of atmospheric phenonien*' 
especially those resulting from heat and moisture, is called meteor* 
ology. When cold air comes in contact with warm moii^t ^^^' 
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ondensation produces rain. Hail is frozen rain. Frost is 
dew. If tlie condensation takes place slowly mists and fogs 
Clouds are only fogs at higher altitudes. If they form and 
an atmosphere at or below the freezing point snow is the 
If snow forms quietly in higher regions and falls in an 
pbere below 0° the temperature of that atmosphere will be 
y raised to 0^ by the "latent heat" given out in freezing. 
i the expression "It's too cold to snow." In the same way con- 
Lion into rain is often attended by a rapid rise in the tempera- 
.f the atmosphere due to the latent heat of the vapor given out 
ndensation. "Warm rains" are common. Why, then, does 
ill frequently cool the air of hot countries ? 

LP. 155. — To find the dew point of the atmosphere in the room, 
to a bright tin dish put cold water and pieces of ice, stirring 
thermometer. Be careful not to breathe upon the outside of 
Take temperature when dew is first deposited. If moisture 
) is not deposited readily add a little salt with the ice. Wiping 
a bit with the finger will make deposit more evident. 

KP. 156. — Dip one hand in water and pass both hands back and 
I rapidly through the air. Which hand feels cooler ? (b) Dip 
bulb of the thermometer into ether at the temperature of the 
1. Remove bulb and quickly blow it with small bellows. Observe 
ige of temi)erature. (c) Set water at the temperature of the 
n aside in two vessels, a tin dish and a porous cup, and in a half 
r take the temperature of each. 

substances in vaporizing absorb heat, or, in unscien- 
Ghr\gu£ige^ ^^ evaporation cools, '^ Vaporization takes 
ce more rapidly in the open air, if 

(1) The heat applied is greater. 

(2) The surface exposed is greater. 

(3) The temperature of the air is farther above 

its dew point. 

(4) The air is in motion. 

(5) The atmospheric pressure is less (barome- 

ter low). [Why?] 
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Exp. Vu, — Arrange two thermometers (of like registration, or 
whosi^ difference in registration you have obsened) as shown ii 

Fig. 118. A hollow wet wick passes from one 
into a dish of water. Why does the wet DnlB 
thermometer stand lower than the dry hnlb ther< 
mometer ? 

The apparatus is a PsycIirometer,by 
which the humidity of the air relative to 
the deio point is indicated. If the air is 
nearly saturated the two thermometers 
stand nearly alike. If the air is at a 
temperature far above its dew point 
Pigr. 118. (relative to dew point very dr)0, the 

difference in the indication of the two thermometers is 
vei y great. By means of an empirical chart the dew 
l)()int is (jnickly found when we know the differential 
reading of the psychrometer ^tdiJidxwg protected frmi^^ 
wind, 

Exp. loS. — Place the bulb of a maximum thermometer under 
(ho tonjLjuo (or ordinary thermometer with another to observe tem- 
peraturo). What temperature is indicated ? 

The normal temperature of the interior of the human body is 
about :J7'^ (1KS'P\). If the temperature is reduced much below this, 
or raised much above this, death is the result. The temperature is 
k(»i>t from fj:oinj; dangerously below the normal by chemical action 
within the body. It is kept from rising dangerously above the nor- 
mal by evai)orati()n (heat absorbed by) going on upon the surface oi 
the skin. Sunstroke is simply an overheating of the interior of tbe 
body. TTpon the borders of the Mohave Desert men sufficiently sup" 
l)lii*d with water can work in an atmosphere whose temperature is 46 
(about 115° F.), because the air is so "(Zry" that evaporation keeps 
them from becoming overheated. In the damp atmosphere of Atla^' 
tic coast cities a temperature of 37° (98° F.) produces " sunstroke^ 
by the score. 
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THE STEAM ENGINE. 

. 159. — Fasten a screw into the bottom of a rubber stopple. 
3ple and place it lightly into mouth of stout flask in which 
s gently boiling. Why does it rise and fall ? 

. 160. — Examine a steam boiler and engine as to the follow- 

ails: (1) boiler tubes; why are they used? (2) Safety valve; a 

f what class, considering tension of steam 

ce? Considering tension of steam the 

nee ? (3) Steam gauge (bent tube carry- 

licator on inner end of coil and tending 

ighlen under pressure of steam, as rubber 

068 under water pressure). (4) Water- 

ind gauge cocks. (5) Governor (Fig. 

? from boiler, /S' to steam chest, and A 

:ted to shaft. (6) Steam Chest and 

ler (Fig. 120), and (7) Shaft connec- 

Fly- wheel, etc. 




Fig. 110. 



iefinite amount of heat can do a 
te amount of work. Dr. Joule 
i^ered by elaborate experiments 
one thermal unit can do 424 kilogram-meters of 
This is called the Mechanical Equivalent of Heat, 

The Steam Engine is a ma- 
chine for transforming the 
energy stored in steam into 
mechanical motion. By means 
of a sliding valve V mov- 
ing in " steam chest " C (7, 
the steam is alternately ad- 
mitted through the " ports " 
id B to the " cylinder " in which the piston P 
s. The piston rod turns the "shaft," and the 
ig valve rod ("excentric rod ") is moved by an " ex- 
ic " fastened to shaft. You will notice that this 
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<l(K*s not always move in the same direction as the pistoa 
rod is moving. After the steam is used it passes out 
alternately through the ports B and A^ and through the 
'* exhaust pipe " IJ. If U opens into the air the engine 
is nnni'onde using (or high pressure). If E opens into ft 
closed chamber to be condensed by cold water jets, the 
i'n^nne is a condensing engine (or low pressure). Those 
two points in the circle of the shaft's rotation where the 
piston's force is exerted with no effect are called "dead 
points." 

Investigations upon the subject of heat coutributed 
lar<jft'lv to establish the modern doctrine of the Collse^ 
vat ion of Energy; that is, the "sum total" of the 
encrtrv or enermes in the universe is constant. Iti^ 
now known that energy is as indestructible as matter. 
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1. Dofmo convoction, radiation, thermal unit, "steam jacket 
liitont lu'jit, spocitic heat, dew point, tension of steam. 

1. 'I'ransposo to the other scale 9°, — 10%— 40° C, and 30°, 
(U) , 12 and — 0^ F. 

;>. If tht» cocftu'iont of cubical expansion were the same foi 
j^lass ami mercury, how would the ordinary mercurial thermometer 
work ? 

4. Why is there a si)ace left between the ends of the rails on a 
railroad track ? Mention other cases which you have observed iQ 
which "heat expands solids." 

r>. If 1()80 cu. m. of coal gas at 0° in holder is warmed by tbe 
sun's heat to 15^, what will be its volume, if pressure remains the 
same ? {}>) If pressure is double ? 

(•). If we mix without loss of heat 5 kg. of ice at — 20°, 20 o) 
water at 80% GO of water at 40°, and 2 kg. steam at 100°, what is 
the temperature of mixture ? 
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7. How many thermal units will be required to raise 1 kg. of ice 
to 40°? [Will it be ice then ?] 

8. How much heat, will be required to vaporize 1 kg. of water, 
vliose temperature is 80° ? 

9. " Ice is no colder than the water in which it floats/* why then 
sliould it be excluded from the kettle, if we are in a hurry to boil 
the water ? 

10. Why haven^t you the melting point of black walnut given in 
any of the tables ? 

11. How much ice in closed chamber would be melted by 1 kg. of 
water at 100° ? 

12. If 1 kg. of an alloy at 100°, put into the same chamber, 
melts only 50 gm. of ice, what is the specific heat of the alloy ? 

13. Water will boil quicker in a tea-kettle with bright or smutty 
bottom? Why? 

14. In a cool room, which /ee/s colder, marble or woolen, both 
being at the same temperature ? How would it be in the sunshine 
of the hot desert ? Wliy in each case ? 

15. Why do both stokers and Arctic explorers wear woolen ? 
[Its non-conducting qualities are partly due to the non-conducting 
air confined within it.] 

16. What apparatus might you use to cook potatoes on a high 
mountain as quickly as in the valleys ? What are the " vacuum 
pans" of the sugar refineries ? 

17. Water distilled from solid impurities rapidly or slotolij, will 
^ purer? Why? 

18. We have more dew on still, or on windy nights ? On cloudy 
^^ on clear nights ? Under the tree or in the open field ? We have 
^ore frost deposited upon wooden or upon stone sidewalks ? Why ? 

19. A teamster upon a hot, moist day is in more danger of sun- 
^^''oke, when the difference in reading between the thermometers of 
Psychrometer is great or little ? 

20. Enumerate a large number of "losses of energy" cutting 
^own the efficiency of the locomotive. 

21. Why are icebergs often enveloped in fog ? 

22. Why will hot water "break glass"? Why will heating the 
^k of a bottle often loosen the stopple ? 
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23. What causes the winds ? (6) Does the earth^s rotation affect 
their direction ? 

24. Rough or polished surfaces will cause a substance to become 
heated more rapidly ? 

25. Snow melts more rapidly under a tree than in the open field. 
Why? 

26. On the top of a high mountain one's face is blistered in the 
sun more quickly than in valley. Why? Why are the mountain 
peaks so cold then ? 

27. Lead after beginning to melt, melts more rapidly than ice. 
Why ? [Appendix, Sections VII. and IX.] 

28. Why does the mercury at first fall, when a cold thermometer 
is plunged into hot water ? 

29. Ask and answer some good question which you found in 
some other book? One of your own originating? 

30. Give some experiments or illustrations which could easily be 
added to the list in this chapter. 

31. How would it affect the climate, if the latent heat of steam 
were changed from 537 to 1 ? (6) How would it affect the steam 
engine ? 
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CHAPTER XIII. 

STATIC BLBCTRICITY. 

Note. — All apparatus must be kept wann and dry, and as far 
as possible free from dust. Do not bring apparatus from a cooler to 
a warmer room just before using it. Why ? Many of the experi- 
ments given in "the books" cannot be performed satisfactorily in 
damp climates except upon unusually '* dry " days. 

Exp. 161. — Rub a piece of amber upon silk, spread out upon the 
table, and bring it near bits of dry paper. 

The word electricity is from the Greek word " elek- 
tron" meaning amber. This experiment was performed 
^orethan 2,400 years ago. Electricity "produced" by 
friction is called for convenience Frictional or Static 
Electricity, though the student will hereafter find out 
^tat there is but one electricity. 

It should be remembered that we do not really produce electricity 
*^y more than we produce weight when we raise the clock weights. 
^ this case we simply furnish the conditions under which weight 
^y do work. When we press the empty beaker down into the 
Water (Fig. 13), we do not produce buoyancy ; but we furnish the 
conditions under which buoyancy acts, or is capable of doing work. 
^'hen we by winding coil up the watch spring, we do not produce 
^iasticity as a property of matter, but we furnish the conditions 
^der which elasticity may do work. By the convenient expressions 
producing electricity" and "generating electricity" we mean 
*!iniishing the conditions under which electricity may do work, 
^he electrified amber possesses potential energy, due to previous 
^ork done upon it. This energy becomes kinetic while it is doing 
^he work of drawing the bits of paper to itself. 
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Bodies with like charge* repel e4ich other ^ and hodiea trith 
unlike charges attract ea^h other. If we have given two 
bodies oppositely charged, whose kind of charge is 
respectively known, to find whether a tliird body is 
charged, and if so, with what kind of cliarge, repuhion 
is a much better test than attraction. Why ? 

The attractions and repulsions between bodies due to electrifica- 
tion are mutual. One does not attract the other any more than the 
other attracts " the one." In general, any one of the following 
substances becomes positively electrified when rubbed with any 
one below it in the list, and negatively electrified when rubbed with 
any one above it : 

1. Fur. 6. MeUls. 

2. Flannel. 7. Sealing wax. 

3. Glass. 8. Resin. 

4. Cotton. 9. Sulphur. 

5. Silk. 10. Gutta Percha. 

Exp. 162. — Suspend by means of parallel silk threads two pith 
balls having smooth surfaces so that they just touch each 
other. Threads may fall from a cork with or without 
handle as in Fig. 123. Touch the balls with an elect rifiod 
body. 

(h) To the lower end of a brass rod or wire having 
on top a knob of similar material, and passing through 
a cork, fasten two strips of gold leaf (or of 
aluminum foil). The rod may be flattened 
slightly to bring the ** leaves " closer together. 
They must touch the rod, though they may be 
'astened with wax. Place the whole in a glass bottle as in 
%. 124. Touch the knob with a small electrified body, 
and observe the action of the leaves. Do the leaves 
remain separated for a while before collapsing? 

An electroscope is an instrument for readily detecting by tln^ 

action of repulsion between its indicators, the presence of a cliar^'MJ 

body. By it we may also determine whether the charge Ih ijohIMvj^ 

or negative. The most common forms are the gold-leaf and the 

pith-ball electroscopes. If a single pith ball hangs by a rigid tlirea<l 






123. 
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to a brass rod carrying a graduated quadrant, as the deflection can 
be readily measured for the purpose of comparing the intensity of 
charges, the apparatus is a simple electrometer, 

Exp. 163. — Bring a positively and strongly charged body near, 
without touching, the knob of a gold-leaf electroscope. No si 
should pass between the body and the knob. The leaves 
diverge. Remove the body, and the leaves immediately collapse. 
This shows that the leaves were charged only during the presence of 
the electrified body. 

(b) Repeat, but touch knob of the electroscope, and remove 
finger before the positively charged body is removed. The leaves 
do not immediately collapse when the electrified body is removed. 
Touch knob with strongly and negatively electrified sealing wax. 
The leaves diverge further, showing that the electroscope was charged 
negatively by means of a positively charged body. 

A body charged by the presence of an electrified 
body without contact with it is said to be charged by 
induction. 

The last experiment shows how to charge a body by induction' 
Fig. 125 gives a theoretical explanation of the process, which ex- 
planation may be helpful in r^' 

A 



+TT 




::c 




Pig. 125. 



membering the facts. The p^s^' 

tive charge on the glass rod ^ 

attracts from the neutral el^^' 

troscope a negative charge 

the knob, and repels a positi^ 

charge to the leaves. As l^^f 

as the positively charged rod 

^e 



near the knob, the negat^^ 
charge in the knob is said to be bound, and the positive charge * 
the leaves is repelled. When the knob is touched, the posit! 
charge "escapes" to the earth through the experimenter's body ^ 
shown by the line B. After the finger and then the rod are remove ^]^ 
the negative charge in the knob, being no longer bound by i% 



presence of the positive rod, becomes /ree, and distributes Itself ov 
the whole body as represented at C. If the rod is removed witho 
first connecting the electroscope to tlie earth, the positive charge 
the leaves and the negative charge of the knob attract and neutra.^ 
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ize each other, causing the leaves to collapse. Although there is 
only one electricity, many authors speak of *' positive electricity " 
and " negative electricity," meaning respectively a positive charge 
and a negative charge. 

Exp. 164. — Fasten a test tube mouth downward with wax to the 
inside of the cover of a tin pail A^ (Fig. 126). Solder a brass nail to 
the inside and center of a larger cover, after " the 
point of the nail has been cut off so that it has the 
height of the edge of the cover. Fill this cover B 
with melted wax, leaving the nail flush with the level _ 
surface of the wax. Connect lower tin to the earth B 
through gas pipe. Electrify solidified wax with fur Pig. 126. 
Of flannel, and place cover A upon it. Raise A and 
^Uch with it the knob of a positively charged electroscope. A is 
Positively charged by electricity drawn from the earth through the 
^^^tral nail by induction from the negative wax. Replace A and 
feuxoving again, touch it with the finger. The charge is felt as a 
*'*ght "shock." This maybe repeated many times without again 
^'^ctrifying the sealing wax. 

-An electrophoms is an apparatus for the production 
^^ electrification by induction. 

^xp. 165. — Turn the plate of a small Toepler-Holtz or Wim- 

^^rst machine till the crackling sound indicates that its separated 

^^'Xninals or x)oles are moderately charged. By means of a small 

*^5*^^^"plaiie determine which pole is positive. This is done by cliar- 

^^^g an electroscope positively, and carrying a charge with the 

^'"^^of-plane from the pole to the knob of the electroscope. If the 

^^^es diverge further the pole is positive, if they collapse and then 

* Verge the pole is negative, [A proof-plane may be made by wax- 

^^ an inverted test tube to the center of a tin cover. This should 

*'*^ay8 be used in testing a highly charged body, otherwise the 

^^ves of the electroscope are torn by the violence of the repulsion.] 

Toepler-Holtz and Wimshurst macliines are compli- 
cated devices for " producing static electricity " by in- 
^"Uction, very little friction being employed. These 
^^ould work well even in damp weather. They are too 
Complicated to be studied in detail by beginners. 
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A positively charged body is said to have a higher potential than 
the earth whose average potential is taken as zero. A negatively 
charged bo<ly is said to have a lower potential than the earth. The 
flow of electricity is from a higher to a lower potential; metals, 
charcoal, acids, living vegetable and animal tissues, water, moist 
earth, etc., being good conductors. Resins, sulphur, gutta percha, 
glass, silk, porcelain, dry air, etc., are poor conductors. The latter 
are also called insulators or dielectrics. Though he may not at this 
l)oint comprehend fully its meaning, it will be well for the student to 
remember that in studying Static Electricity he is studying electri- 
city of hiffh potential. This will be made clear in subsequent chapters. 

Exp. 16(5. — Prepare a flat cake of sulphur about 2 centimeters 
thick. Suspend by a silk thread a ball electrified by contact with 
positive knob or pole of the machine. Place the knob of the goW- 
leaf electroscope a little more than 2 centimeters below, and quickly 
insert the unolectrified cake of sulphur. The leaves diverge more 
as though the ball had been brought nearer or had suddenly received 
a stronger charge. 

Induction acts more readily through some dielectrics than through 
others. The specific inductive capacity or dielectric constant of 
sulphiu- is much greater than that of air. 

Exp. 167. — Fasten a brass knob to a brass rod, and passing rod 
through cork, hang to rod a short brass chain. Place the cork in 
the mouth of a jar which is coated inside and outside 
with tinfoil as shown by dotted lines in Fig. 127. Charge 
the inside coat positively by a somewhat prolonged con- 
tact with the i)ositive pole of the machine in actioUt 
while the hand, in contact at the bottom with the outside 
coat, holds the jar. The outside coat becomes neg*' 
tively charged by induction through the glass, and as ^ 
stronger positive charge is given to the inside coat * 
stronger negative charge is bound upon the outside codt" 
Set the jar carefully (without breathing upon 
the apparatus) upon the table. Place one knob of a dis- 
charger (wire carrying two knobs and insulating handle 
i/. Fig. 128), first against the outside coat, and bring the 
other knob promptly against the knob of the jar. A 
(lisriqytive discharge takes place through the dielectric Fig. 128* 
air before the two knobs touch each other. After a 
few minutes obtain another very weak discharge in a similar mannef* 



O 



Fig. 
127. 
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Condenser or ^'LejdeB Jar** is composed of two 
couductois, separated br a dielectric or insulator. 
lot at all necessaiy that the form be that of a jar. 
nside coat may be charged negatively, and the 
e positively. The ••flow" or '•current"' is then 
;he outside coat to the inside- The weak charge 
i always left after the first discharge is calleil the 
al charge. A thunder cloud usually charged posi- 
the dielectric air, and that portion of the earth 
charged negatively by induction, form a huge 
n jar. One cloud may be charged i>ositively, 
r negatively, and the discharge take place fi*om 
3t to the second through the air. 

168. — Prepare a Leyden jar with movable coats by taking 
ig glass dish (a. Fig. 129), and fitting a tin coat inside and 

soldering a large copper wire b carrying 

to the inside coat. Charge the jar. By 
)f a glass rod remove Inside coat, and then 
igers the glass, touching the glass to an 
2ope. Bring the two conductors together. 
; no spark. Place the whole together again 
lly as possible, and discharge jar with a Pij? 120. 
;er. 

lielectric is by no means passive during the process of char- 
l discharging the conductors which it separates. Electricians 
)ved that while the conductors are charged the dielectric is 
rain. In the case of glass so situated, the glass affects Ught 
hrough it as though it were resisting great mechanical stress, 
itric in this state is said to be polarized. The polarization 

shown in the case of the dielectric turpentine by floating 
ort silk threads. Between pointed conductors opi)08ltoly 

the threads assume a position parallel to each other with 
3 towards the conductors. 

169. — Let a large number of pupils join hands hi a curvo, 
at the end hold the Leyden jar while it is being churKtMl. 
as it is moderately charged let the pupil on the othor «Mul 
urve touch the knob. 
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The effect of the passage of a current of electricity 
of hif/h potential through the living body is called a 
Hhock. If a battery of several jars were connected the 
shock might be dangerous to receive. 

Kxp. 170. — Separate properiy the poles of the electrical machine. 
lUpidly turn the plate, and ohsenre the path of the disraptive dis- 
charge. Observe odor aboat the machine. 



llie path of the discharge is straight only when it 
is very short. There are several reasons for this, the 
t(;n(l(iiicy to follow the line of least resistance in the 
(licloctric Ixiing one. The discharge changes part of 
tlie oxygen of the air into ozone, which has a slightly 
Kul])hiir()us odor. (See Ozone in Chemistry.) 

Kxi'. 171. — Hold a dry card between the iK>les of the electri- 
rul machine;, and pass an electrical spark through IL In what way 
(h>cM the. hole differ from that made by a pin ? 

Kxi*. 172. — Shannon the end of a short piece of copper wire. 
VVhid the wire about the positive knob of the machine with the 
Hliarpcncul c^nd projecting towards the negative knob. How does 
tlie point affect the discharge ? Darken the room, and observe glow 
about the ponit. 

(h) Separate* as far as possible the knobs, and turning the point 
iiHU]o. a litth^ hold the hack of the hand near it while the machine is 
in vigorous action. Observe wind and *' cobweb" sensation. Hol(i 
also the ilanie of a candle having very small wick. The flame 
hIjouM be blown out by the rush of the molecules of air repelled 
from tlie point. 

I'he last two experiments give meaning to the names 
" flwru])tive discharge " and " convective discharged The 
latter takes place from points. These favor the rapid 
and quiet discharge of electricity. Indeed, a body hav- 
ing pointed projections cannot retain a charge. St. 
Elmo's fire is but a convective discharge, of the variety 
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raixis tlie jKcm-ec iiiik^& a: -5iiii*v 

&XP. ITS. — 'Haax^ rwv piiL mlM^ rr oh: mroka- « 
iches tlK' <Hiiude axui ijtt anits: Utt msifi' 4r ^ m ^-^' 
^ can on iIh* jtosiirc^e j«iMt of ^eieSTitaA.. siAU^xir ai^ 

^Ctlify il. Hitr tiiilj UL IJit "mfTf* ^ T?«*=litau T.iilf 

at cm tbe insidt- it mm&tiCitiL. 

Static ekrctricitT ^-TCsidet** m. lir^ ombtu* <r i. 
[>lloir condncTLor. «d Ibia & adIrw raiicnm<r iufc* tn* _ 

ime capachx en *" vit Ituid *" ut- mu'^ ^trzirt'Tr^ *r l 
)lid one of tbe fikint- omfiidt daau'^iir.. 'Vifn. iir- 

le *• cuiTcaii " noi l»(iiii£ cmiimtrL it "Lirt tsiciii-^-. 

Exp. 174- — Re^aeLitaunaJ £x^«einienib. Pm** & vu. m a. nr^ialiir 
ead and electrify. ITIit do li**- iuu7¥ ^sumc tn. ♦niL • "» imin* 
as jet between tbe jKiks- ctf xbe -aHfrfntrtrst. imi'rnn**- • ■ Irn ih* 
ther placed in ciKia] ^Ma^ cr parMslitix disL. c Hcnnc lo. i*i*iii' 
f steel needle two crosBed. diu^teiitsc wire* ^cTl^zik-l it^ r^^jii**: i*} 
ammering, and bem ai tbe iinn fibari#eij**L *aiQ* ilt* tui****- <c 
barker's milL Coimerl needle witL jKishJT*- jttik,. Tht " II»""ir»r 
niirl" is the nanne of tbe apporatnE. <r» <Tn a Ikirs* x:imj't»*c f»: 
iamond-shaped pieces of tlnfoQ abom use e«m±mf3i«r jcmz. Tusu^i: 
liem in a spiral upon tbe onLeade uf a fn&bhr x-amisbt'd rclte. ?i<> 
^i they nearly bat not quite looeb. Afier aTguLTuraf- is dry, 

connect -and pa«. elecTJOc spkrk arc.iiT>d *li3> 

^-' ^'innmioos tabe." (.t > Hang to brass ri>d .!« 

Fig. 131, two bells. B by brass chain, and <^ by 

silk thread, and between them hang brass olajv 

per by silk thread, so that it lacks aK>ut ono 

centimeter of touchinji each bell. Conntvi A 

with one pole and C with the other by oh*i«s» 

These 'electric bells" ring as the waohino is 

worked, {(f) Support a square piooo of dry 

plank upon four stout dry bottles. X^pon \\\\^ 

"insulating stool" let one pupil «t«ud» wntl 

>W chain connected with positive pole. The pupil l>eooino« rhttrM^*'^ 

•sitively as machine is worked. The hair rises, aud Hpurku \m\ 

drawn from any portion of his body, stronger if llio wmmhuI 
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Fig. 131. 
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pupil holds a chain connected with the negative pole, (h) Sta 
brass rod with knob into bottle of water. Charge water holdi 
bottle in one hand. Touch knob with the other hand. This w 
the earliest form of the Leyden jar. (i) Connect a horizontal t 
cover with one pole, and a cover below with the opposite pol 
Electrifying, make light images of pith "dance" between the plate 
( j) Wind closely around a steel wire a fine insulated copper win 
I*a8s small disruptive discharges or a steady " current" through th 
copper wire from one pole of the machine to the other. Has tht 
stool wire assumed any new properties ? Will it attract small piec« 
of iron ? 

Exp. 175. — Connect a Geissler's tube (a glass tube containing 
rarefied air with platinum wire fused through the ends) to the poles 
of the electrical machine, and vigorously work the machine. A 
beautiful glow and play of colors appear, better observed if the 
room be darkened. 

Tlie Aurora Borealis, or Northern Lights, is believed 
to be caused by the currents of electricity passing 
through the rarefied air in which the play of colors is 
s(;en. If the air be still further exhausted in aGeissler 
tube, a point is reached beyond which the higWy 
rarefied air becomes an insulator as before any exhaus- 
tion. 

Lightning Rods oftener protect buildings by securing a rapio 
convective discharge from the cloud to the earth or vice versa, thar 
by conducting a disruptive discharge. Among the requirements foi 
good protection are the following : — 

1. The rods should be made of iron or copper with flat crosi 
section or of separate wires. Each rod as far as possible should b< 
without joints or with few and carefully made joints. 

2. The rods should rise from all the higher portions of the build 
ing, as chimneys, etc. The top of the rod should be composed o 
several pointed projections made or covered with metal which resist 
oxidation. 

3. Each rod should be separately carried into the moist earth 
'^^d packed about with finely broken charcoal, or connected witJ 
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arge metallic plate. Underground iron gas-pipe and water-pipe 
ar the rod should be connected with the grounded portion of 
e rod. 
4. To prevent lateral discharges, all large metallic conductors, as 
n roofing, etc., should he connected with the nearest rods, and 
hould also be separately earthed. 

It should be noted that we have sometimes in thunder storms 
what corresponds to the so-called " cloud-burst " among rains, or the 
"cyclone" among storms. Ordinary protection of a house against 
rainfall would avail little against a "cloud-burst," and ordinary 
precautions against heavy winds would avail little against a *' con- 
densed cyclone." Of two thunder clouds having each enormous 
surfaces, and having each bound charges, the charge of one may 
become suddenly free by the discharge of the other, and a terrific 
rmhing, oscillating, and disruptive discharge from the one will take 
place to the earth. Eods which would afford ample protection in 
all ordinary thunder storms would afford little protection against 
such an impulsive rush discharge. Rods detached from the building 
would lessen the danger from such a discharge. Tall excun-ent 
trees standing eight or ten meters from the building, by vicariously 
offering themselves to the stroke, would assist in protecting the 
house. [See Franklin, Faraday, Static Electricity, and Lightning in 
cyclopaedia, and views of Lodge on "Lightning Rods" and Harris's 
system of protecting ships, in an electrical dictionary.] 

XoTE. — The student must not overestimate the comparative im- 
portance of static electricity. Current electricity or voltaic electri- 
city, soon to be studied, is of far more economic importance. High 
potential or static electricity is needed to produce mechanical dis- 
ruptive effects, physiological " shocks," and direct heating effects in 
the dialectric without contact of conductors ; but ordinary current 
electricity, that is electricity in the current state, produces directly 
or indirectly nearly all of the useful effects sought after by those who 
at present invest in electrical appliances. 

QUESTIONS 

1. How would you in the simplest way determine whether a body 
suspended by a silk thread was electrified or not ? 

2. How would you determine what kind of electrification it 
possessed ? 
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3. How would you charge an electroscope positively by induc- 
tion? 

4. Why is a proof-plane used by electricians in charging by con- 
tact a gold-leaf electroscope ? 

5. Why should you not breathe upon the knob of a charged Ley- 
den jar while holding it ? 

6. Given a charged thunder cloud above a house, would it be 
better that there should be a smoking fire of green wood in the open 
fireplace or that there should be no fires in the house ? Why ? 

7. Given a charged cloud above and a fire of green wood upon a 
large bed of coals, would it do any good to pour water on and put 
the fire out ? 

8. When is a charge bound and when free f 

9. Static electricity *' resides " upon the outer surface of hollow 
or of solid conductors. Give one reason why the charge in a cloud 
becomes more intense as many minute drops condense into larger 
ones. 

10. Why should lightning rods be pointed above? (b) Why should 
they reach moist earth below ? 
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CHAPTER XIV. 

MAGNETISM. 

Exp. 176. — Obtain a piece of rock called magnetic iron oxide or 
destone, and dip it into iron filings. Do they adhere to one part 
ly more than to other parts ? Will the filings adhere to ordinary 

•cks? 

(6) Try to make the filings adhere to a common steel needle. 
ub one end of the needle with the iron oxide, using one of the two 
>rtions of the rock to which the filings abundantly adhered, and 
bbing the needle from the center towards the end, carrying the 
ck back to the center of the needle through the air. Will any 
Dgs now adhere to the rubbed end of the needle ? Will any 
bere to the end that was not rubbed ? Roll the needle in filings. 
' what portions of the needle do the filings most adhere ? 

(c) Will the rock now attract filings as well as before, or has it 
t part of its energy in giving energy to the needle, just as a mov- 
r bat loses part of its energy in giving energy to the ball ? Be 
'eful about this investigation. 

A magnet may be defined as a body having a special 
traction for common iron, and possessing two " poles " 
^ards which the attraction is stronger than towards 
ual areas elsewhere upon the body. [See Exp. 180 
f an apparent increase in the number of poles.] Mag- 
ts are called natural or artificial according as they 
e found '4n nature" or are "made." The exper- 
^ent shows one way of making permanent magnets. 
^I'lnanent magnets are made out of steel, the two 
incipal forms being the bar magnet and the horse- 
•oe magnet. 
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Exp. 177. — Float the piece of magnetic oxide on a flat piece 
of cork. Does it show any tendency "to point'' in some definite 
(liroction ? 

{h) Cut a narrow groove in the cork to hold the needle, and point- 
ing the needle westward float it. Does it remain pointing west? 
Point the needle east. Does it remain so pointing ? 

All ordinary magnetic needle is simply a magnet so 
mounted that it is free to turn in a horizontal plane. 
It may be mounted by (1) floating, (2) suspending by 
untwisted fiber, or (3) supporting upon a pivot. The 
end of the needle which tends to point northerly is 
called the north-seeking pole, and the opposite end the 
HOHth'Heeking pole. The north-seeking pole of perma- 
nent magnets is usually marked N ov -\- and is often 
calli»d the positive pole. 

Kxp. 178. — Pass a steel knitting needle through a flat piece of 
cork, and fit two pins into the cork at right angles to the needle and 

in the same plane. Adjust the needle so 
5^s^ that it will remain horizontal when pointing 

nearly east and west, the pins being sup- 

^^^ jiorted horizontally. Turn the needle so that 

^'v, it points nearly north and south, and magnet- 

■-.N ize by rubbing towards the north end witb 

Fig. 132. the south-seeking pole of a strong magn^^ 

and toward the south end with the nortb' 
Rocklnu: P<>1(% carrying the pole back through the air and being care-^ 
fill not to move the noodle with reference to the cork. Mount again 
U]u)n ]>lns and I ho north end iV, Fig. 132, "dips" as though it had 
bocomo hcuvior. [See Exp. 187 and comments.] 

A dipping needle is a magnet mounted upon an axis 
running horizon tally through its center of gravity, so 
that the needle is free to turn in a vertical plane. Tb*^ 
amount of the dip is called the inclination of the 
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needle, and is in general diflferent for different latitudes, 
in northern latitudes the north-seeking end dipping, 
and in southern latitudes the south-seeking end dip- 
ping. What is approximately the inclination for your 

locality? 

Exp. 179. — Bring the north-seeking pole of a strong bar magnet 
near the north-seeking pole of a magnetic needle. Is it attracted or 

repelled ? 

(6) Bring the north-seeking pole of the bar magnet near the 
south-seeking pole of the needle. 

(c) Repeat (a) and (6), using the south-seeking pole of the bar 

magnet. 

(rf) Force the north-seeking pole of the needle up very near the 
north-seeking pole of the bar magnet. It is attracted. Pull it 
away at once, leaving it at some little distance away. It is again 

repelled. 

(e) Hold a piece of soft iron near first one pole and then near the 
other pole of the needle. Is there repulsion in either case ? [See 
soft iron, Section I., Appendix.] 

like poles repel and nnlike poles attract each other. 
That portion of space about a magnet throughout 
which its influence perceptibly extends is called its 
field. 

If a weak pole be forced near to a strong like-seeking pole, there 
is a temporary reversal of polarity in the weaker magnet, and the 
'Wo apparently likc'-seeking poles attract. If the weak pole remains 
n contact or nearly in contact with its powerful neighbor, there is 
Permanent reversal of polarity. The attraction between a magnet 
nd soft iron is mutual. The attractions and repulsions between 
lagnets are mutual, but repulsion is a far better test of polarity 
ian attraction. Why? In experiments requiring observations of 
le differing effects upon a magnet needle, the needle should be 
laced at some distance from all masses of iron not purposely in- 
3lved in the experiments. Why ? 
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Ex I*, isf). — Magnetize a knitting needle by nibbing its center 
with tilt; north-seeking pole of a strong bar magnet, and its two ends 

outward with the south- 

5 5 seeking pole, rei)eating the 

II xvvv^i'w. ^^^/^fe <S\iki^ 1^ operations several times. 

" ^^S^^^^^ W^' ^'^W>' "^ RoU the needle m iron fil- 

Fifir- 133. ings, and note that there 

seem to be three poles in 
one magnet as shown in Fig. 133. Kotice carefully whether the 
liliiij;s attached to the cen- 
ter all ix)int in the same ^%^ ^. 
din'ctlon. We have really ^ M^^ ^!i^. ^iff^ J^D fti 
made ttco magnets out of ^"^^f^ ^P^ ^^^F"^^ 
oiu* pU'ce of steel, with two Pigf. 134. 
soiitii-stM'king i>oles at the 

cM'nt(T. Lay the needle upon a smooth surface, and bring south- 
sei'kinj; pole of the bar magnet near its center, and observe repulsion. 
Test also each end pole by repulsion. We may by properly rubbing 
produce poles as shown in Fig. 134. 

Conneqiient poles are double poles formed between the two 
tcnniual i)oIc8 of a magnet by irregular magnetization. These, of 
course, are to be avoided as much as possible in all ordinary mag- 
netization, as they tend to weaken materially the two normal poles. 
While a niagn(;tized bar of steel, considered as one magnet, may 
have more, than two poles, it can never have less than two poles. 
The double pole SS (Fig. 133) is called a consequent pole; that is, it 
is spoken of as one pole. Such a magnet is said to be anomalous. 
The line joining the two poles of a normal straight magnet is called 
the maynetic axis. This axis may not correspond with the longi- 
tudinal axis of the magnet, es- 

, - < i(me — ^^ pecially if the cross section of 

/'' ^^x the magnet is large. For care- 

I ^^^""^ fully made magnets, however, 

\ ^^^--^^'^ / of small cross section, these two 

•f "" '* '' i ^^ m % mm m % ^r zr^ axcs may be considered to coin- 

Figf. 135. cide. Consequent poles may be 

avoided by rubbing with opposite 
poh;s from the center of the piece of steel as directed in Exp. 178, 
or by rubbing with one pole from one end to the other of the steel 
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steadily carrying the pole back thfoogh the air. The end of the 
steel which the influencing or iikflncwj pole leaves for its rviiim 
throagh the air will become possessed of oppo^it** {loiarity a5 5hown 
in Fig. 135. The steel should be turned upon it5 longitudinal axis 
that all parts of its lateral surface may be rubbed. 

Exp. 181. — Magnetize a small steel sewing needle and test its 
polarity. [It will be more convenient and prevent confusion, if in 
magnetizing sewing needles the pointed end is always made the 
north-seeking pole.] Break the needle into two pieces with pair of 
pincers, covering with cloth that the free piece may not ** rty.** Test 
each piece for polarity. Break one of the two pieces again and 
test Each piece is a magnet. 

(b) Fill a long half-inch test tube nearly full of stetl filings. 
'^ter it has been laid horizontally and tapped till the filings have a 
level surface, draw one pole of a bar magnet over the test tul>e. I)o 
this several times, just as though magnetizing a piece of steel. Do 
the filings take, out of their previous confusion, any definite posi- 
tion with reference to each other and the tube ? Reganlins: each 
end of each separate filing as a pole, could we properly descril>e 
^hat has hapx)ened by saying that the contents of the test tube had 
i)ecome " polarized " ? Shake the test tube vigorously. What hap- 
^ns? Polarize again the surface filings by applying the magnet. 

(c) Dip the end of a magnetized knitting needle into iron filings. 
Tote carefully the amount of filings which it will lift. Hammer the 
eedle vigorously upon an anvil for some little time, and tost by 
lings as before. Is the magnet weaker or stronger than before ? 

(d) Test a short magnetic needle, noticing how many iron filin-xs 
will pick up. Heat needle to redness, and keep at the rod hoat 
r several minutes. Cool by plunging into water, dry and test with 
ings. Is it now a stronger or 



3aker magnet than before ? * KWO^-'^xV i/\'-',^,/,'»',''i/^|-'i</ 

The theory respecting the in- | n^'-^ u^7/. -/v-i^-7,M/.s^VVi| 



mal condition of magnetized 
m or steel is that the molecules 
e themselves magnets before the B 
dy is magnetized, but these are FiS' 136. 

ranged confusedly as shown in 

Fig. 136, so that there is no external manifestation of niagnot- 
n, that is, no free magnetism. After magnetization of the bodv 
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the molecules are supposed to be arranged with regularity as shown 
at /?, the north-seeking poles pointing towards the north-seeking end 
of the body, and the south-seeking poles pointing towards the south- 
seeking end. The body is then said to be polarized. If all of the 
molecules are so arranged the body is said to be magnetized to 
saturation. This theory explains (1) why any portion broken from 
a permanent magnet is itself a magnet, (2) why pounding a strong 
magnet or letting it fall weakens it, (3) why heating to redness 
destroys the magnetism, as we know that heat increases the irregu- 
lar molecular motion in bodies, (4) why rubbing with another mag- 
net will make a magnet of steel, and why a powerful magnet may 
reverse the polarity of a weaker one, (5) why gently tapping while 
magnetization is being produced hastens the process, and (6) why 
there is a sound heard, analogous to the "tin cry," when power- 
ful soft iron magnets are suddenly demagnetized and magnetized. 

Exp. 182. — Place a piece of nickel (not the coin, which is only 
partly nickel), and a piece of bismuth upon the table, and see if 
they are each attracted by a magnet. 

Iron is not the only metal attracted by a magnet. Nickel, cobalt, 
and some other substances, are attracted. Bismuth, antimony, and 

some other substances, are not only not attracted, 
\ / but are repelled by either 'polc of powerful magnets. 

\ / Substances attracted by magnets are said to be mag- 

netic (or paramagnetic), and substances repelled 
are said to be diamagnetic. 

Exp. 183. — Suspend a piece of soft iron (A, B, 
Fig. 137) above a good horseshoe magnet* Test the 
polarity of the soft iron with a bar magnet. It wiH 
be found as shown in the cut. Remove the sof^ 
iron from the field, and test polarity first with ligh 
needle suspended by long delicate untwisted thread 
and again with heavy pivoted needle. With tb' 
x;::;:>^ first it shows slight polarity ; with the secoa< 

Figr. 137. none. 

The influence exerted by a magnet to produce po 
larity in bodies within its field is called indnction 
The soft iron is said to be made a magnet by indue 
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'tion. '' Nothing but a magnet is attracted by a mag- 
^>^et," for the substance must be, or must be made, a 
^taagnet before attraction takes place. Soft iron is sen- 
sibly a magnet only while it is within a magnetic field, 
^nd a soft iron magnet is therefore called a temporary 
inagnet. Steel, as we have seen, retains its magnetism 
^fter removal from the field, and a steel magnet is 
therefore called a permanent magnet. The slight traces 
of magnetism which a piece of soft iron retains after 
I'enioval from a magnetic field is called residual mag- 
iietism. [See Exp. 201.] 

Exp. 184. — Take three approximately similar pieces, one of soft 

« 

*J^n, soft steel, and hard steel respectively. Stand the three verti- 
^Uy into iron filings, and with bar magnet touching in succession 
^he top of each, raise quickly and detach from the magnet the piece 
Without long contact. Gently rap with a lead pencil each piece as 
^on as it is removed from the magnet. Which lifts most filings ? 
^^ch retains the larger per cent of what it has lifted ? 

Steel is magnetized and demagnetized less rapidly 
than a similar piece of soft iron in a field of equal 
strength. This power of resisting magnetization and 
demagnetization is. called coercive force. Hard steel 
has great coercive force and soft iron very little. [See 
Electro-magnets.] Coercive force exerted to retain mag- 
netization is sometimes called retentivity, 

Exp. 185. — Determine if a strong bar magnet will attract readily 
iron tacks through sheets of paper, glass, zinc, copper, and soft iron 
respectively. The attraction seems to be about the same except in 
the case of iron. 

Soft iron may be used as a " screen " to magnetism. An inside 
case of soft iron may be used to protect the steel "hair spring" of 
watches from magnetization. [See Exp. 186 {<j) and comments.] 
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Exp. 180. — Magnetic Force L[ii«B. Cuts depression in a smoolb 
piece of board just Urge enough to receive flatwise a flat, strong bir 
magneL Cover the mag- 
net and board ^vi1^ a this 
glazed piece of paper, and 
fasten it firmly at Ibe 
comers with copper tacki 
(Fig. 138). Sift upon tlM 
paper steel filings (from 
saw) and holding the Hbole 
horizontally with one band 
spread out beneath, lap It 
Fig. 138. gentlj for some time frwn 

beneath with a light hain- 
mer, letting the blow come between the outspread fingers as neiri; 
along the " line of direction" as possible. Avoid draughts of air or 
liitavy breathing upon the filings that after each blow they may beas 
much as possible under the influence of Hie magnet only. 

Magnetic Force Lines are imaginary lines, but you 
now have a graphic representation of them in a most 
l)eautiful picture. The axis of the earth and the equator 
of the earth are imaginary lines, but they are of n^ 
more importance to the sciences treating of them thaC 
are force lines to the science of magnetism. In 
Fig. 77 we may consider every vertical as a gravi- 
tational force line along some one of which every 
particle of matter in the body is urged. The 
direction of a gravitational foi'ce line is down- 
ward along the vertical, 

Exp. 186 (ft). — Suspend from a cork A, a plumbline and 
a magnetized knitting needle as shown in Fig. 139, and 
bring the small lead ball b and the north-seeking pole of pj^ 
the needle down in different places successively near the 139 
horizontal plane upon which the filings ai-e arranged. In 
wiiat direction is the pole ut^ud ? [In this and the succeedic 
chapter, by " force line " will be understood a force line of a mfc- 
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A force line is the line along which a single jx>le 
is urged. Magnetic force lines are curved. 

The direction of a foree line is tlie direction in 
W'liich a north-seeking pole is urged. The force lines 
ire mourned to come out of the north-seeking jx)le 
»f the magnet, to pass round through the air (or 
ther medium), and to enter at the south-seeking 
ole, completing their circuits through the body of 
be magnet. Though the direction is really as muclj 
1 the other direction as 
1 the one according as a 
mth-seeking or a north- 
teking pole is acted upon, 
3t to prevent confusion, 
ectricians have fixed the 
irection as determined by 
le tendency of the north- 
Jeking pole. We should then think of the force Vm*f'^ 
ot as without direction as sho^Ti in Fijr, '[ZH. but a.", 
aving the direction shown in Fig. 140. 

Exp. 186 (c). — Fuse and neariy close on*; t'.uA 'A a '/,:ik.*A. ? •. *^ K. 

ig- 141. Magnetize a very small sewing n^e^J;', 4;, ; •> 4;^ r;., 

twisted silk thread ationt it. *o tJiA*. i\ ?/4;A;.'i«^ /^/r;. 

zontally when suspf:n*l*:d, PJa^-^e a }/.; ^A u,p\*f'/\ 

wax on the under side U» i>f»r#-«rr.t *;;;.>;:. 7, l'4»^ *J,/ 

other end of the thread dowr. *^,T*r.y:^i *uf i:^t\ t^y, 

of the glass, and inTfrrtin^. flr^v r,*'t^/.f v;, ^^ «>,vr,-,. 

Wax the thread at thf: u*\, '<^ of 'z.^, sf:**^ -vx 

The ^ass lobe preren t* - ' rr.*'/ :or. *,1 ♦ r ;* r. * . ;* V ^,-. . 

This makes a Teiygood fjfFr\Ui:».rf x:.%'i:,f^\( r,f-(-f\.t- ^t,<\ 

dipping needle combined. Ka/^a fj-,^ t.^MIa :r, '17 

ferent places just ov^ the ftlir.j?.*. r^/"^ if m;»rk ;»^ ;» 

tangent the dir*i*!tion of ih** /or^i* iir.^^ ? Tr/ fh'- 

tical plane. Try oblique planer, Rsta m : n** * h *• »f ^ ^ i f, , i .-• i?',^ ^ r^ ^ u- 

^) quite carefully as to the dir»^^.ion.-i ir» -wh^h M-^^y p*'rtr»f. 
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A magnetic needle free to rotate upon any aris, 
uiiiler the influence alone of a given field, places il* 
magnetic axis tangent at tlie center to the Eoree liwi 
of that lielil, and dho^^ also the directioiof thelom 
liiiwi of tlie tielii. There are no open spaces in the fieU 
jw there seem to be between the -magnetic curves" dl 
ilie filings. These open spaces are due to the mutnil 
attnu^tions and repuLiions of the little induced filing' 
niagneW. The smallest portion of apace in a magnelic 
tii'Id i.-i presumed ti> have at least one force line ruMiDg 
thimigh it. 

Exp. 18it. — (iH SprinUe In like manner filings above Ibe pi^ i' 

a lioni'shoe niagiiet, and not« position and directico of form lii" 

(Fig. 1-K). (e) SprinkleHinp 

. ^■' above the poles of t«D bu va^ 

neta placed as sbown in F^. 11 

Note the direction ot reptlW 

torre lines. {/) Place «s sbon 

/,. in Fig. 1-H. (ff) Place » »* 

' . ■■ ■ . — r^w - '"•" armature or keeper (» V'"* 

"■" -'-fe^v-" of soft iron used to conr'M 

Piar. 14a, poles of a horaesboe m^W) 

in tlie field represenled in ^^ 
142 nr Fig. 144, ami notice whether fewer or more forre linf*" 
hIiowii by filing pass towania anil 
Ih Pre fore throiijih it than before 
jMksseil through the same space when 
filled with air. 

Soft iron possesses great 
conductivity for force lines. 
In other words, it increases 
gff^atly the nunilier of foree 
lines piLSHing tlirough the space which it occupies. Thi^ 
property is called pemieability. The great pem^'^ 
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yor conductivity for force lines of soft iron will 
ain more fully Exp. 185. 
' tendency of the force ^.. ::< v 

s is to seek the opposite x^v.,^^^ ^»^ 
and that by way of <^ .,,.m.^zM:r!^£ "Z, . ^ 



iron rather than through '- '^^<?^J^.r^ 

air space. [See magnetic p. ,^' 

en in electrical dictionary.] 



>^ [ 



xp. 187. — Place the south-seeking pole of a bar magnet towards 
lorth, and above its center hold the needle of Fig. 141. Pass 

the needle slowly north and south 
over the magnet and observe the 
dip (Fig. 145). As we carry 
a dipping needle from north to 
south and from south to north 
Yig 145, over the surface of the earth, it 

behaves very like this needle, its 
i-seeking pole dipping more as we go farther north of the equa- 
till near Hudson Bay it stands vertical with its north-seeking 
downward. As we go farther south of the equator its south- 
ing pole dips more and more. 

) Hold an unmagnetized bar of iron as the dipping needle points, 
gently rap it with a hammer. Test with needle. It has become 
eptibly polarized, the lower end becoming a north-seeking pole, 
'he earth is, or acts like, a great magnet, having two normal 
s and several consequent poles. The pole near Hudson Bay is 
uth-seeking pole, that is, if T)lir earth were suspended so as to 
te freely, and were brought near a fixed earth just like itself, 
Hudson Bay pole would seek the south. The magnetic axis 
he earth does not correspond with the geographical axis, but is 
Ined to it. [See Exp. 178 and comments.] 

Cxp. 188. — Determine the true geographical meridian from the 
litect's drawings or from other sources. Draw a line upon the 
e in the plane of this meridian, that is a line precisely north and 
;h. Suspend a long magnetized knitting needle just above this 
, and measure the angle which it makes with the line. See that 
magnet or iron is near the needle. 
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The variation or deeliuitioii of the needle tor any given pUce u 
tilt' ;in<;le w}iic*h the needle makes with the geographical meridian at 
tliat plare. Kemembering that the earth's force lines pass wi^ 
ward towards the magnetic pole near Hudson Bay, that the dipping 
net^dle is tangent at its center to the earth's force lines, and that 
a vertical plane passing through the magnetic axis of the dipping 
ne«Mlle passes through the magnetic axis of the horizontal needle at 
the same place, — we have the data for the complete explanation of 
(ItH'linatiuu. The declination and the inclination of the needle vary 
slightly from year to year at any given place. Fig. 146 shows why 
the tleelination is about 18° east in San Francisco {S.F,\ aboot 2flP 
west in Portland, Me. (P.), and zero at CleveUind, O. (C). G-^'^ 
the geoixraphical pole, M a geographical meridian, Jf-P the magnetic 
poh», and arrows show magnetic meridians. Cleveland is on the 
** line of no »leelination," ami the horizontal directions of the force 
lines are ealled magnetic meridians. The force lines enter the earth 
near the magnetic pole, which lies below the surface. 



GrP 




Fig. 146. 

Note. — The subject of magnetism is by no means completed ^^ 
this chapter. See Chapter XY. See also Magnetism, Amperi*^ 
Currents, Astatic Needle, etc., in electrical dictionary. 



QUESTIONS. 

1. Why is repulsion a better test of jKjlarity than attraction ? 

2. If we find a north-seeking pole at one end of a piece of st^ 
sure that there is a south-seeking pole at the other end ? 
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is a saturated magnet ? 

what circumstances will a north-seeking pole apparently 
ler north-seeking pole ? 

is meant by the Magnetic Equator of the earth ? How 
stermine whether you stood upon it ? 

IT latitude by induction from the earth's field the upper 
• end of an iron post becomes a north-seeking pole ? 
it be in Lat. 60® south ? 

se a bar magnet supports three nails, one below the other 
th-seeking pole, what is the polarity of the lower end of 
il? 

force line, direction of a force line, coercive force, in- 
clination, consequent pole, induction, permeability, mag- 
orth-seeking pole. 

se we hold a bar magnet horizontally, and attach as 
IS it will hold one after the other below the pole. What 
fifect if we place a large piece of soft iron opposite the 
;he upper side of the magnet ? Exp. 186 (<;) will help 
Remember that a field is stronger as more force lines 
1 it and weaker as fewer pass. Is there more or less/ree 
o act upon the nails while the soft iron is present ? 

ion some experiment which might be substituted for one 
is chapter. (6) Mention something which you have 
it magnetism "outside of school and books," either by 
•servation or from those engaged in employments involv- 
)f magnetism. 
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CHAPTER XV. 

CURRENT BliBCTRIOITY. 

Exp. 189. — Into a tumbler two-thirds full of water, pour about 
one-twentieth its volume of sulphuric acid, stirring with glass rod 
that the bottom of tumbler may not become too suddenly heated. 
Stand into the acid a strip of zinc about 3 cm. wide and 4 cm. 
longer tlian the height of the tumbler. Observe the effect of chemi- 
cal action. Hydrogen is set free in the form of bubbles according t« 
the reaction, Zn -|- H2SO4 = ZnS04 -|- Hg. [See Chemistry.] Remove 
and rub that portion of the zinc which has been acted upon by the 
acid with a few drops of mercury, using a piece of soft leather, or a 
piece of cloth tied upon a stick. Immerse as before in the acid. 
The bright amalgam of mercury and zinc is not acted upon by the 
dilute acid. Nail the zinc and a similar piece of copper to opposite 
sides of a narrow strip of wood, reaching across the top of the 
tumbler. Use short nails or tacks, being sure that they do not touch 

one another in the 

wood. Inclose the 

bright ends of two 

short pieces of insu- 
^^J lated copper wire as 
^'■^ ' shown in Fig. 147, 

and bend the two 

strips under and 
Fig. 147. downward, so that 

they may be near 
together and parallel, but not touching. Immense in the acid, and 
observe that there is little or no chemical action. Connect the two 
wires and observe that the copper strip is rapidly covered with bub- 
bles, showing that chemical action begins as soon as the wires are 
connected. Thinking of the sulphuric acid molecule as composed 
of two parts, a positive H2 and a negative grouping SO4, the chemi 




Fig. 148. 
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action may be represented by Fig. 148, in which the whole circles 
resent the original molecules, and the dotted circles the progres- 
j decomposition from right to left. 

A Voltaic Cell is composed of two conductors im- 
jrsed in a liquid which acts chemically upon one 
them, while they are externally connected by an 
metrical conductor. The immersed conductors are 
Ued plates^ and the ends of the unconnected wires 
iding from each are called poles or terminals. The 
ate acted upon chemically is positive, therefore its 
>le (^opposite end) is negative. When the poles are 
mnected, the electric ^''current " is assumed to ^^flow'^ 
om the positive plate through the liquid to the nega- 
ve plate, and from the positive pole to the negative 
ole through the external conductor. 

The zinc plate is '•'•amalgamated'''' to prevent chemical action 
hen the " circuit is open," and to prevent " local action " when the 
ircuit is either "open" or "closed." By local action is meant 
liemical action producing a current between the minute particles 
^ impurity imbedded in the commercial zinc and the rest of the zinc 
late, all going on within the liquid and contributing nothing to the 
xtemal cuiTent. 

Exp. 190. — Adjust the spring so that it will just lift the armature 
f a sounder. Consider this instrument as a machine upon which 
lergy may be expended, and do not at present give the sounder 
irther study. Connect one wire from the cell to one "binding 
)st " of the sounder, using either wire. Does anything seem to 
iss from the cell over one wire to the sounder ? Connect the two 
ires to the sounder, one to each post, and observe that something 
aws the armature down, overcoming the resistance of the spring, 
is as if something passed from the cell through one wire to the 
imder, and returned to the cell through the other wire, doing work 

passing. Very soon the bubbles of hydrogen accumulate upon 
e copper plate of the cell, and the armature is drawn up by the 
ring, showing that the "current of electricity" is weakened. 
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Brush quickly the hydrogen bubbles from the copper plate, or lift the 
plates out of the liquid and reinsert them; the armature is drawn 
down again, showing that the *^ current ^' is strong enough to do 
directly or indirectly the work of overcoming the resis^iance of the 
spring. The bubbles again quickly accumulate, and the spring lifts 
the armature. Does the "current" pass through the air space 
before you touch the ** binding post" with the wire, as the electricity 
produced by friction would do ? 

The accumulation of a film of hydrogen upon the 
negative plate of a voltaic cell produces what is called 
polarization of the cell. This weakens rapidly the 
current, partly because it must pass through this non- 
conducting film of hydrogen, and partly because of the 
tendency of the hydrogen to produce an opposite cur- 
rent. Efforts to prevent polarization give rise to nu- 
merous kinds of voltaic cells. The most effective method 
is to destroy the hydrogen set free by the chemical 
action, In^fore it accumulates upon the negative platc- 
This is done by surrounding the plate with a liquid or 
solid that will react or unite with the hydrogen. 

Exp. 11>1. — At the bottom of a glass jar about 15 cm. deep, place 
a lui-go strip of thin sheet copper, Cu, Fig. 149, bent up at eacb 

end and having riveted to it the cleaned end of * 

+ "^~\ rubber coated, No. 16, copper wire b. Place crys- 

( \ tals of copper sulphate upon the copper, a few 

^^*> ^ J more than will dissolve when the dish is two-thirds 

full of water. After stirring the copper sulphate 
till a saturated solution has been formed, pour 
carefully upon it a dilute solution of zinc sulphate. 
This solution will float upon the other. It may be 
made by dissolving zinc in dilute sulphuric acid 
till hydrogen ceases to be evolved. Bend a heavy 
Igr- 149. gj^j.jp ^£ ^jj^^^ ^^j hang it over the edge of the jar 

with the lower portion below the surface of the zinc sulphate as 
shown. Solder or rivet an insulated copper wire, No. 16, to the 
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line. Both wires should be short, and may be lengthened by at- 

aching other wires to them by connectors. One is shown in Fig. 150, 

/'iz., two strips of sheet copper, 1X3 cm., riveted 

it the center and open at each end. Connect this ^-^ , ^ , j^ 

-ell to the binding posts of the sounder and ob- _. ,_^ 

FiflT. XoO. 
Mrve that the armature goes down and stayts down. 

The zinc does not need to be amalgamated, and may be removed 

ftoni the liquid when the cell is not in use. 

The Gravity Cell gives a very constant current, and is 
called a closed-circuit cell, because it may be kept on a 
closed circuit without polarization. 

The chemical action in the cell may be explained thus: The 
copper sulphate solution slowly diffuses upward through the less 
<l6nse zinc sulphate solution, and coming in contact with the zinc 
^he principal reaction may be considered to be 

Zn + Cu SO4 = Zn SO4 + Cu 

The copper by the same progressive action through the liquid 
^8 is shown in Fig. 148 is deposited upon the copper plate. Copper 
'deposited upon copper does not change materially the internal condi- 
tions, and hence the constancy of the current. Among the subordi- 
nate reactions going on at the same time is the oxidation of the zinc 
^tting hydrogen free. Part of this hydrogen is entangled in the 
'Dapurities upon the zinc, as the pupil will observe, and part makes 
its way towards the negative plate by progressive decomposition, but 
is prevented from reaching the plate by the following reaction : — 

H2 + Cu SO4 = H.2 SO4 + Cu 

The copper is deposited as before. Among the names given to 
'iie gravity cell are " copper sulphate," *'blue stone," and '* crow- 
foot." This cell is a modified form of the Daniell's cell (which see 
n reference books). A battery is usually composed of several cells 
•'onnec*^'»d, though one cell used alone may be called a battery. In 
his country most batteries used in telegraphing are composed of 
gravity cells. 

Exp. 192. — Connect the gravity cell to the sounder by fastening 
ne wire to one binding post, and touching the other binding post 
?lth the other wire several times, observing the force with which the 
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armature is drawn down. (6) Fasten a long coil of fine insulated 
cop}>er wire by one end to the free binding post of soonder, and 
make connection several times as before, passing the current through 
the coil. Does the cell do as much work upon the sounder when it 
it sends its current through a long wire between itself and the 
** machine " upon which it does work ? 

Resistance is the obstruction offered by any con- 
ductor to the passage of a current of electricity. No 
substance possesses perfect conductivity^ that is, offers 
no resistiince to the passage of a current of electricity. 

The action of a cell may be compared to the action of a pump, 
P, Fig. 151, which forces water from the lowest and discharging 
l>oint .1 up to the highest point JB, the entire line AU> B^ including 
the pump, corresponding to what is within the cell. In case of the 
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gravity cell, .4 represents the zinc plate and B the copper plate 
within the liquid. It is as if something were forced up^ so to speak, 
by the action of the cell from the zinc plate to the copper plate, to 
flow downward through the external conductor as water would flow 
downwanl and back from li through CD Xjo A, If the pipe CA were 
either longer or smaller or rougher, the current of water would meet 
mort^ resistance in returning to ^4. So with electricity, if the ex- 
ternal wire is longer or smaller, or made of not so good a conducting 
material, the current would meet more resistance. The upright tubes 
Nos. 2, 8, 4, etc., represent the fall in pressure or level due to resist- 
ance in the pii>e. If the pipe from C to /) were enlarged, then there 
would be less difference in level between Xo. 2 and No. 1, and there 
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ould be more pressure in the pipe between D and A^ which pres- 
ire would raise slightly the level in all the tubes between I> and A, 
i the pipe from C to D were made smaller, then there would be more 
lifference in level between No. 1 and all the other tubes. We might 
all the pressure exerted by the pump to produce the difference in 
evel "water-motive" force, and the amount of water passing any 
>oint, as A^ the current. So the " electric pressure " of the cell, or 
whatever it is in the cell which tends to produce a current of elec- 
•ricity, we call Electro-motive Force, That which corresponds to 
lifference of level in water we call in electricity "diflference in 
^otential,^'' and the amount of electricity driven through the resist- 
ance by the electro-motive force we call the current. The potential 
alls in proportion to the resistance just as the water level does, as 
'hownby the upright tubes in Fig. 151. The diflfefence in potential 
between any two points is the diflference in effective electro-motive 
orce between those two points. 

Units for measuring Electro-motive Force (E. M. F. or simply E), 
'esistance (R), and Current Strength (C), will now be given. The 
'Sistance in the whole circuit is often conveniently divided into ex- 
'rnal resistance (R) and internal resistance (r). When no r (small) 
?>pears, R covers the total external and internal resistance. 

A volt is approximately the electro-motive force de- 
sloped by one gravity cell. 

It is the *' electric pressure " produced by one gravity cell, or it 
the " diflference of potential " between the plates of the gravity cell. 

An ohm is approximately the resistance offered by 
meters of copper wire 1 millimeter in diameter. 

The legal ohm is the resistance oflfered by a volume of mercury 
' 0°, 106.3 centimeters long, with a cross section of 1 square milli- 
leter. It is understood that the current passes longitudinally 
trough all conductors, unless the contrary is mentioned. The con- 
lictivity is the reciprocal of the resistance. If the resistance of 
wire is 2 ohms, its conductivity is i. 

An ampere is the current produced by an electro- 
motive force of one volt acting through a resistance of 
ne ohm, or an equivalent current. 
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r^fco v\.<^ Av-'iiug through 2 ohms would give a cor- 
>. ::, s*z I jerux^re* Vut 2 volts acting through a resist- 
. ,x' ^*i > j^ vi::u \iould give a current of 4 amperes. 
i^uiiN Lnw ::su^v K* si;»ied mathematically as follows:— 

R 

: : v%l ::>!x v" b> zbe cum?nt in amperes, E the electro- 
v^^^w :viw xu \vvi:!k jiud R the resistance both external 

i. \ ^'. i Ax V^tt^'.^c<di»biti^ Uie lower half of a stout strip of zinc by 
. ,';'.X-< - ^ >a:1:a«,v' stAl^^ii^wv acid, and then rubbing with a few drops 
o- ujs.vcijv S.S, iX'uii 5i:ac $<rtj» kMsely into a space sawn out from 
. v\ V' X. 1 . \^N s»i Xvi>-1 xs s;iN»% 31 by iKKxiitied horizontal section in Fig. 152, 

v^iivTi^ i5 NMw^fen two rods of carbon (waste car- 
- J t^ bv*iwi trvsBft au aiv" light) fastened at the top between 
Ik ;ii'e "^xfcv^ $5rtjxsi of wood. The zinc should be set so 

Ik ^ l^ ^ L I i^i w o*tt btf mised or lowered, but must not be 
\ ^ ->v^ / svv :!».* tvvxjjfbr a$ erwr to touch the carbons. Con- 
b'v^\ lo^. '•'^'^'^ '^ v'>*rK>tt$ with a wire pressed against them 

^> iiv'rv>* ixn^ o«<? j>iece of wood to the other. Solder 
vM ^ l.uu^' lo vv;h ihv ii'v *Uvl the wine loop a wire to convey the 
vuuv\u. Kill .^ vk Ul^iuvKi:hevl bojtle a little over half full with a 
bv»iuni.vu vv( ."i'vN/ii,' .?.'t t iu dilute sulphuric acid, 1 volume of the 
su^vhuvio <^v*ivl u» t> vvHumes v»f xi-;nter. [Instead of this a saturated 
soluUvM\ v^* ^K^Assium bichrvMUAte iu sulphuric acid of double this 
aUt^\\^U^ lUs^v Iv ustsL Oi3iS\4\\^ the biohromate after the acid has 
l>ov'\kUUA o\»KI. Tho i\"^v*:iv>u v^t vvur^e prvnluces chromic acid.] Place 
^iu^ iiubv^v »\ut Ainc pUte^j iu this liquid, and touch for a moment 
nuly I ho biuvUug \Hv<tji v^t' the sounder, obsening with what energy 
tlu^ luumliuv i!i di^wu vK^wn^ Lift the zinc from the liquid as 
rluMiilrrtl rti'tiou ujhui it Kvutiuues after the circuit is opened. It is 
bt'tti^r to iH^u\oYt^ both *iuo and carbons after you have finished using 
tlio ooU for the da v. 

The Chromic Acid Oil has an electro-motive force of 
about 2 volts. The ehi^omie acid cheeks polarization by 
oxidizing the hydrogen, but this oxidation does not go 
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with sufficient rapidity to prevent gmdual polariza- 
t;lon. The current is always stronger when the zinc 
is first immersed, and grows slowly but continually 
"vireaker. 

This cell is often called a Grenet cell ; and a Plunge Battery is 
composed of several chromic acid cells, the plates of which are con- 
nected to a board, so that by means of a crank they may be raised 
Irom, or lowered into, the liquid. 

Exp. 194. — Place two or three rods of carbon together, and stand 
them into a porous earthen cup. Pack about these pulverized carbon 
(or charcoal) mixed with manganese dioxide. Fill the cup full, and 
wax over the top with the carbons projecting above. 
Place the porous cup in a glass dish containing a satu- 
rated solution of ammonium chloride, and stand a rod 
or strip of zinc into the solution outside of the porous 
cap. Twist about each carbon very firmly a short 
copper wire, and then twist the free ends of these 
together, allowing one to extend beyond the rest. Solder 
*notber wire to the zinc. After the porous cup is well Figr- 153. 
Waked in the solution, pass the current for a moment 
ttirough the sounder, and observe that the armature is drawn down 
promptly. 

The Leclanche Cell (pronounced in two syllables by 

dealers and workmen) has an electro-motive force of 

. about 1.5 volts. It is an open-circuit cell. When the 

circuit is closed the current grows rapidly weaker, 

because the manganese dioxide does not oxidize the 

\ bydrogen nearly so fast as it is set free by the reaction. 

j For bell ringing and other discontinuous work this cell is most 

r excellent. It recovers from polarization as it rests, and needs little 
<^re except filling up with water occasionally. The porous cup needs 
^0 renewal. When the ammonium chloride (sal-ammoniac) solution 
^comes nearly exhaused it should be poured out, and the porous cell 
soaked in water till It no longer smells (/ '• ammonia.'''' The cell may 
then be " recharged " by a fresh solution of ammonium chloride and 
^ new zinc rod, if necessary. 
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Note. — The cells above mentioned may be purchased of any 
dealers. There are many other cells in use besides the three men- 
tioned in this book. See larger works and the electrical dictionary 
for a description of these. Pupils may manufacture cells of various 
sorts by using strips of different metals immersed in different liquids, 
as salt and water, caustic potash solution, etc. 

Exp. 19.J. — Connect a coarse, uninsulated copper wire about 
5 dcm. long to the two poles of a chromic acid cell. Dip the center 
of the bent wire into steel filings, and, raising it, notice that no 
filings cling to the wire. Dip again into the filings,' and, lowering 
the zinc plate, after a few moments raise the wire. 

A wire carrying a current of electricity is surrounded 
by an electro-magnetie field, or, more simply, by a 
magnetic field. 

Exp. 190. —To determine the direction of the force lines in the 

field surrountling a wire carrying a current. Bend the uninsulated 
wire connecting the poles of the chromic acid cell into the shape 

shown in Fig. 154, and bring its 

/ >^ plane into the magnetic meridian. 

1 Magnetize a very fine needle, and, 

breaking off about 4 mm. of the 
pointed end, tie an untwisted silk 
fiber (from unraveled silk ribbon) 
near its center. Wax the under 
side by means of a hot glass tuhe 
touched to wax and then to the 
silk. Mount this magnetic needle 
I I 4JJ by passing the fiber through a short 

piece of glass tubing, as shown in 
Fig. 141. Hold this magnetic needle 
successively on each of the four 

n sides of that part of the wire up 

± which the current is to pass, and 

drop the zinc. W^ Ich way does the 
needle point for each position ? 

(h) Do the same with reference to that part of the wire down 
which the current passes. Observe with care if the needle points 
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Fig. 154. 
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the same as before on the front, rear, right-hand and left-hand side 
of the wire. 

(c) Hold the needle on top and then under the two horizontal 
portions of the wire. How does the needle point ? 

Right-Hand Bole. — Grasp the wire with the right 
hand so that the extended thumb points in the direction of 
the current ; then will the curved fingers show the direct io7i 
of the force lines. 

Exp. 197. — Let some one connect the wire to the poles, covering 
them with a handkerchief that you may not see them. Can you 
now determine by the needle which way the current passes ? 

(6) Place a pivoted or suspended needle about 3 cm. long succes- 
sively under and above each horizontal wire. Does it turn at right 
angles to the wire as the short and light needle seemed to do ? 

A magnetic needle used to determine whether a 
current of electricity is passing, and if so in what direc- 
tion, is called a Galyanoscope. 

We may include in the galvanoscope the wire, straight or coiled, 
through which the current passes to affect the needle. Any given 
force line produced by a current in straight wire lies in a plane at 
right angles to that wire. The needle, however, lying in the magnetic 
nieridian, when currents are passed about it along this meridian, 
does uot turn at right angles to the wire, because, though the force 
lines due to the current urge its axis towards the east and west line, 
'he earth's force lines (horizontal component) urge it towards the 
Daagnetic meridian. According to the laws of the composition of 
forces, the needle takes up a position somewhere between the two 
positions. A current at right angles to the magnetic meridian might 
^ot only not move the needle, but might hold it more firmly 
stationary. 

Exp. 198. — Through a coil of No. 16 insulated copper wi^e, made 
^y winding carefully upon a lead pencil till the coil is about 1 dcm. 
long and then removing the pencil, pass a current of electricity from 
* gravity cell. Hold the coil horizontally, and pass the current in 
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Pifir. 155. 



siirh a way that the flow shall be upward on the nearer ade aM 
ilownward on the farther side, as shown by the modified section in 

Fig. 155. Grasp the coil in tk 
right hand so that the curved 
fingers point in the direction 
of the current, and hold tk 
thumb extended. Bring e&ch 
end of the coil near the north- 
seeking pole of a pivoted 
magnetic needle. One end 
rep<»ls and the other attracts the needle. 

(h) Pass the current so that it will come down on the nearer side 
and <;<) up on the farther side. Reverse the right hand as you grasp 
the coil, that the curved fingers may point in the direction of current 
Test the coil for polarity. 

Kight-Hand Rule for Coils. — Grasp the coil so that 
the curved fingers show the direction of the current; then 
will the extejided thumb show the direction of the fom 
linen that thread through the coil. 

Exi». 109. — Make a small chromic acid cell by using a beaker, 
with a well-fitted cork carrying below the plates and above a con- 
no(t('(l coil of fine wire. Float this cell by passing the beaker down 
through a hole in a large, flat piece of cork. The coil turns its 
axis to the meridian. Bring the north-seeking pole of a bar magnet 
to the north-seeking pole of coil. 

A regular coil of wire through which a current 
of electricity is flowing possesses polarity, and hehaves 
like a magnet. Such a coil is often called a solenoid. 

Exi\ 200. — Cut soft iron wire into pieces a little longer than the 
coil used in Exp. 198, and fill the coil with wire. Pass the current 
as before, and bring the north-seeking pole of the coil near the north- 
seeking pole of the needle. Is the needle repelled more or less 
vigorously than when no soft iron was within the coil ? 

Soft iron being an excellent conductor of force lines when placed 
within a coil, increases greatly the strength of the poles by prevent- 
ing the leakage of force lines on the sides of the coil as shown by the 
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four arrows in Fig. 155. This conductivity causes the lines to run 
through the coil, to emerge at the north-seeking i)ole, and to enter 
at the south-seeking pole, greatly increasing the strength of the 

poles. 

Exp. 201. — Hold the coil and soft iron vertically. Pass the cur- 
rent again, and picking up upon the lower pole a large soft iron 
nail, break the circuit. The nail drops. Use a very light nail. 
(6) Pull out one of the soft iron wires from the coil and observe 
that either pole of a heavy pivoted needle is attracted by it. 

Soft iron made a magnet by a current of electricity 
passing about it is called an Electro-magnet or a tem- 
porary magnet. The iron retains its magnetism only 
while the current is passing. A minute trace of mag- 
netism, however, is left after the current ceases. This 
is called residual magnetism. 

The electro-magnet may have the form of the bar or of the 
horseshoe, but more commonly that of the horseshoe. This brings 
the poles near together and concentrates the force lines within a 
Smaller field. If the observer /aces the pole, the current must pass 
Q.nti'Clockwise about the soft iron to produce a north-seeking pole 
^nd clockwise to produce a south- 
seeking pole. Fig. 156 shows how /^??^ /^^^^ 

a horseshoe electro-magnet must be K v- S 1/ ~y (TN i)X 

wound, the wire crossing between ^^^i^^^^,^ ^^^^^ ^^^^ 

the two arms over the connecting pj^ j5q^ 

piece (dotted) as shown. If the 

horseshoe electro-magnet were bent out straight, the wire would run 

regularly from one end to the other as in the bar electro-magnet. 

Exp. 202. — Place half of a steel knitting needle in the coil, and 
pass the current as before. Remove and test the polarity of the 
leedle. 

A current passed around a piece of steel, through 
in insulated wire, makes of it a permanent mo^gnet. 
Stronger magnets may be made in this way by power- 
ful currents than by rubbing with other magnets. 
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Pigr. 157. 




Exp. 203. — Connect three Leclanch^ cells on open circuit s^ 
shown in Fig. 157, and observe that between the cells you hsive 

a series of arcs. (6) Turn the 
cells about so that zincs and 
carbons stand connected in two 
rows as shown in Fig. 158. 
Notice that you have multiplied 
the number of arcs necessary to 
connect any two cells by two. Notice also that the connecting wires, 
if straightened out, are parallel, 

and that if the zincs and car- /''^^.,-,!]^J^ZI^^i[f\~*'Nr 
bons were men marching with ( (*T) (T^TT(l!^)j\+^ 
the wider front, they would be \^^^y >ii^ y^"^^ 
marching abreast. Connecting Fig. 158. 

cells, inasmuch as we connect 

two at one time, is often called "coupling" cells, though there may 
be many cells in the battery. 

When the positive plate of one cell is connected t« 
the negative plate of the next cell the cells are said 
to be connected in series ; and when the positive plates 
are connected directly to each other, and the negative 
plates directly to' each other, the cells are said to be 
connected in multiple arc or in parallel or abreast. In 
multiple arc is sometimes contracted to " in multiple." 

Exp. 204. — Upon a horizontal base, A^ Fig. 159, erect a hollow 
circle of wood C, having an outside diameter of about 25 cm. and 

inside diameter of 20 cm. The 
circle should be grooved on the 
outside to receive wire, or a flex- 
ible strip of wood may be fas- 
tened with brass tacks about each 
edge to hold the wire between. 
It should be mounted vertically 
upon the base. This may he 
Pigr. 159. done by means of square-cor- 

nered blocks, screwed to both base and circle. No iron or other 
magnetic metal should be used in its construction. A little beloW^ 
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. 'Hi^ "Tv ^ ^^ ^^® circle, fasten parallel to tlu' base a strip of 

^^^Y ' Dismount the circle, and wind carefully upon it from a 

^^t^^. Sreat many tm-ns of fine insulated copper wire. Kemount, 

^^i%l;^ ^S the ends of the copper wire to the bottom of two binding 

J^l^"^ ^h\ so that starting from the left hand binding i)ost li the 

't*^^^ uXay pass over and under (in the order mentioned) the circle. 

^^^^ ^^lyat the center of the circle mount upon a shaq) pivot a 

l^l-y^^^^^^ needle about 2 cm. long and made from wiitchspring. The 

t^ ^'Hiaybe driven in by grasping with small pincers, and ])oun(l- 

Ix^ ^^pon them with a small hammer. Fig. 100 shows a modi (led 

tjv ^^ontal section, explaining the mounting of 

needle. Below it is a cardboard carefully 




w ^^nated in degrees, and to the under side of the 

t.K ^^^^ ^^ fastened a piece of pith, through which 

llT^ pivot passes freely, and from which two line 

.j^^eads of glass run out precisely at right angh\s 

^ the needle. These threads serve as pointers, 
*^d are made by drawing out suddenly a fine 
^be of glass that is red hot at the center. The 

^^edle should have a depression on the under 

^^cle to receive the pivot. This may be made by 
Softening the needle, impressing with steel point, 
^Hrlening, and remagnetizing. [Sect. 1. Appendix.] The graduated 
circle should be about 1 dcm. in diameter. The needle should be 
^xed in a very shoal box having a thin clear glass cover. This 
Prevents drafts of air from disturbing the needle. The needle and 
Pointers should be so adjusted that the pointers may each indicate 
the same deflection when a current from a constant battery is passed 
in either direction through the coil. The reading may be taken be- 
fore the vibrations cease by observing the central mark over which 
the needle swings. The whole should be handled very carefully that, 
after the needle and pointers are once correctly adjusted, they may 
not get out of adjustment. Bring the coil into the plane of the 
magnetic meridian, that is, adjust so that the pointers indicat(i 0. 
Pass a current from one gravity cell in at 1^, and over and undcv the 
needle, and out at B'. Apply the right-hand rule for coils, and ob- 
serve whether the needle follows the rule. Observe also the amount 
of the deflection. Pass the current in the opposite direction, and 
apply the rule, {h) Use two cells connected in series, and observe 
the amount of the deflection. 
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A galvanoscope provided with a scale so that the 
deflection of the needle may be accurately measmed is 
called a (jalvanometer. A Tangent Galyanometer is so 
called l)ecause the strengtlis of any two currents passing 
througli it are proportional to the tangents of the angles 
of deflection. [Sect. X. Appendix.] If from two bat- 
teries two currents passing successively through the 
galvanometer deflect tlie needle to 45*^ and 65° respec- 
tively, the currents or amperes are not as 45 to 65, but 
the second current is 2.14 times the first, the tangents 
of these angles being as 1 to 2.14. What is the tan- 
gent of an angle? 

The coil must be kept in the plane of the earth's magnetic 
meridian, or in the vertical plane passing through the needle, before 
it is influenced by the current. A "controlling magnet," whose 
force lines combine with those of the earth's, may determine this 
plane. The needle must be short compared to the diameter of the 
coil, so that in deflection it may not pass out of a sensibly uniform 
field ; that is, so that the lines of force may be sensibly parallel in 
that part of the field occupied by the needle. If the galvanometer 
contains a long coil of fine wire, it is called a high resistance g*^ 
vanonieter. 

Kxp. 205. —Make a tangent galvanometer like the last, except 
instcMid of many turns of fine wire use two turns of coarse wirei 
No. 8 or No. 10, with a diameter of only 10 cm. for the coil. 

If a galvanometer contains only a few turns of very 
coarse wire, it is called a low resistance galvanometer. 

The high resistance and the low resistance galvanometer may b^ 
combined upon the same stand by using four binding posts. 35 
multiplying the binding posts, and carrying the wire around agaii^ 
after returning it to the second binding post, and again returning t^ 
a third post, etc., the instrument may be made either a long coil of 
a short coil galvanometer at will. 
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Exp. 206. — Connect two gravity cells in series through the high 
resistance galvanometer, and observe the deflection of the needle. 
Connect them in multiple arc through the instnmient. Is the deflec- 
tion more or less ? This experiment seems to prove that it is better 
to connect cells in series. 

(6) Connect as before first in series and then in multiple arc 
through the low resistance galvanometer. This experiment seems 
to prove that it is better to connect in multiple arc. 

When the external resistance is great, connect cells in 
series. When the external resistance is small, connect 
cells in multiple arc. The reason for this will soon appear. 

Exp. 207. — Connect two binding posts, A and B, Fig. 161, at 
the base upon a board by a very fine wire ^, and a very coarse wire 
C. Place the central por- 
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Figr. 161. 




tion of the two wires par- 
allel to the magnetic merid- 
ian, and pass a current from 
-4 to B, Hold a needle 
(galvanoscope) above the 
center and close to each wire in succession. Why does the needle 
turn more from the meridian when over one wire than 
when over the other? A galvanoscope may measure 
v^ry roughly the relative strengths of currents. 

When a current divides over two or more 
conductors, the parts of the divided currents 
are called shunt currents, or simply shunts. 
The current divides inversely as the resistances. 
For instance, if the resistance in c is two ohms, 
and the resistance in is one ohm, two-thirds 
of the current passes over (7, and one-third 
over c. Either current is a shunt to the 
^i8r-ie2. other. 



t ^' 



^en there are three shunts, the reciprocals of the numbers 
^^pressing the ohms in each shunt are to be taken, and the current 
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divides as these. For instance: between the two leading wires or 
*' leads/' Fig. 102, so large that the resistance along these between 
the cross wires may be neglected without sensible error, let there 
be three shunt wires having 2, 3, and 4 ohms resistance respectively. 
IIow will a current of 26 amperes divide over these shunts? 

SOLUTION. 

I = I'a = 6, ^ of 26 = 12 amperes over the first. 
J = ^if = 4, T^ of 26 = 8 " " second. 

i = A= At\o^ 20=_(5 " " third. 

13 20 = totel current. 

To find the total resistance between two leads, knowing the ^^ 
sistancc of each shunt, we may proceed as follows: — 

(1) If the shunt wires are all of equal resistances we have, of 
course, only to divide the resistance of one by the numbers of shunts. 
For instance, if there are two shunts having 1 ohm resistance each, 
the combined resistance of the two would be only i an ohm. Cells 
coupled in multiple arc, Fig. 158, form internal shunts as shown by 
the arrows. Such a battery has as its internal resistance only the 
resistance of one cell divided by the number of cells. Its electro- 
motive force is only that of one cell. In other words, in Fig. 158 i^ 
is the same as though we had one cell three times as large. 

(2) If there are two shunts of different resistances, take the re- 
ciprocals of the resistances. This gives the conductivity of each 
wire. Add these conductivities, and again take the reciprocal for 
the coinbineil resistance. In Fig. 101 let shimt c have a resistance 
of 8 ohms, and shunt C a resistance of 2 ohms, we find the com- 
bined resistance as follows : — 

i = conductivity of c. 

^ = conductivity of C. 

J + i == J = combined conductivity. 

J or 1.2 ohms = combined resistance. 

Making the tenns general, let r and r' be the resistances, then 

will and - be the conductivities. Adding we have ^ = the 

r r' rr' 



rr 



rr' 



combined conductivity and — the combined resistance, there- 

r -f r' 

fore the combined resistance of two shunts is equal to the product 
^ the separate resistances divided by the sum. 



R + r 
6 
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(3) If there are more than two shunt wires of varying resistances, 
<iM the conductvoitiea and take the reciprocal for the combined 

resistance. 

EXAMPLES. 

1. Four cells having an E. M. F. of 1.5 volts each and an internal 
resistance of .0 of an ohm each, give what current when connected 
"1 series through a coil having a resistance of 8 ohms ? (6) If the 
same cells are connected in multiple arc, what current shall we 
obtain ? 

Solution (o). 

c= = 

^"8 + 2.4 

C = .57 + amperes. Ana. 

Solution (6). 

8+. 15 
C = .18 4- amperes. Ans. 

2. If we pass the current from the same four cells through a coil 
^coarse wire whose resistance is only .1 of an ohm, which will be 
"^tter, to connect in series or in multiple arc ? 

Solution (a). 

^_ 6 

"~ 1 4. o 4 ~ ^'^ amperes. Ans, If in series. 

Solution (6). 
C = ^ ' ^ = 6 amperes. Ans. If in multiple arc. 

3. If six chromic acid cells have each an E. M. F. of 2 volts 
^ an internal resistance each of .9 of an ohm, what current will 
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they give if connected as shown in Fig. 163, through an external 

resistance of .6 of an ohm? [The 
straight wires connecting the groups 
in parallel or multiple arc before 
the two groups are connected in 
series, are assumed to be large that 
their resistances may be neglected 
in solving.] The E. M. F. of each 
group is 2 volts, while theresisUnce 
of each group is, according to the 
.3 of an ohm (.9 -r 3). Therefore ve 

C = , = 3.3 4- amperes. Ans. 




Pifir- 163. 

law of internal shunts, 

have ; — 

4 



.6 + .6 

(6) Is this a greater or a less current than would be obtained, ii 
the cells were coupled in series ? 

(c) Than if cells were coupled in multiple arc ? 
A "mixed coupling" is sometimes better than either the series 
or the multiple arc connection. 

4. What is the combined resistance between the leading wires 
represented in Fig. 162 ? 

Solution. 

i + 4 + i = l'j = combined conductivity. 
H = .92 4- ohms. Ans. 

Exp. 208. — Bend a long, fine, insulated copper wire backward 
upon itself from the center, making it double, each half parallel and 
close to the other. Now wind from the bent mMdle a coil upon 
a lead pencil, and, removing pencil, test the coil for polarity while a 
current is passing through it. 

Non magnetic coils are produced by winding the wire 
double. The electro-magnetic field produced by the 
current advancing to the center of the wire is destroyed 
by the returning current, which produces force lines 
running in the opposite direction. 
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A rheostat is an instrument containing a series of 
non-magnetic coils of graduated resistances. 

The coils of the rheostat are connected to two adjacent segments 
(Fig. 164 and Fig. 165) of a thick brass plate in such a ^nanner that 





Fier. 165. 

; any coil may be introduced into the circuit, passing from the binding- 
I post B to the post B' by simply removing the brass peg or switch S, 
Wlien the pegs are all in there is practically no resistance in the 
plate of the rheostat. When any peg is out, then the current must 
pass through the coil connecting the same segments as the peg 
connects. 



Exp. 209. Pass the current from a gravity cell through the rheo- 
stat and through the low-resistance galvanometer. Observe the 
<leflection of the needle. Introduce by removing its peg the 2-ohm 
coil, and observe deflection. Now introduce the 20-ohm coil. Why 
18 the deflection less as more resistance is introduced ? 

(&) Place a fine coil of uninsulated copper wire in circuit with 
the low resistance galvanometer, arranging the coil vertically. 0\>- 
s^rve the deflection. Heat moderately the coil, and observe the 
effect upon the deflection. 

(c) Treat in like manner a coil of Grcrman silver wire. Is the 
effect of heat more or less marked tlian before ? 

Heat increases the resistance of metallic conductors, 
l^^t affects the resistance of German silver much less 
*l^an that of ordinary metals. For this reason resist- 
^i^ce coils used in electrical measurements are often 
^ade of German silver. Heat decreases the resistance 
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of r'}irl)on and of liquids in generaL Bv what expei- 
iiM'iiU mi gilt you prove this? 

Kx i>. 210. — Pam the cniTRnt from a ccmatmnt batteiy throogiL the 
-(oiiiii|(>r HTiil the. ^Ivanompter, using coarse wire that its reaatance 
in »y !»<' iH»j(lort^(i witliont Hf^nsible error. Do aot place the ^fmuter 
v.ry iHMiP iho jyfalvanom<»ti»r. Why? Note the dcfleetioiL Bemove 
'^niixlor Mini in itn sfp.ttd place the liieostat. Remove pegs from the 
pl:ifo fin the noodle in deflected just aa before. Add the reaastonces 
of f ho rlH'OHfrtt that have been thrown into the circuit to regiicethe 
resist MiK'o In thv HOimcler. 

To iiH'jisun; tlu; reHistance in any instrument (or con- 
ductor), add tlio roni.stances in the rheostat which bave 
oxactly replaced the resistance of the instmment 

f n n 1 1 f ' rn pf I n K vo ry accurate measnrements this method is op«i ^ 
flio (»hjo<'ti(n» that no battery ^veaa perfectly constant cmrent. f« 
our'h nioHsiimrirntA a more complicated arrangement of ressonf^ 
roils N iiMod, and the apparatus, conventionalized in Fig. l^y^ 




cnWiH] WhontMotio^A Hridgo. The current flowing from A io^ 
divldcM Mf A, pnrt ^oin(/ hy way of B and part by C. The dotteii 
Hlih'M Hfc ]»nirflrnlly tliioo connocted rheostats, in each of which the 
rcsisfjuico ?rmy, of roiirsc, he varied by removing pegs shown by the 
sihmII dots in Mh' cut. 'I'hc instninumt or coil whose resistance is to 
Im' incnsiirrd Is nMachcd at tl to th(^ binding posts one on either side 
of the opridni^. A galvanouictor is connected between the posts 
n and r. VVhi'n the resistances in the four sides are in the proper- 
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tion a : b :: c : dy there is no current through the galvanometer. This 
is easily seen by the pupil, if he will think of water flowing from 
A to D through two pipes, while a small cross pipe extends from B 
to C. So long as the pressure is the same at B and C there is no 
current through the cross pipe. So with the electrical current, if 
the potential, that is the effective electromotive force^ is the same at 
B and C, there will be no current through the galvanometer. The 
potential at each i)oint will rise and fall equally as the battery current 
fluctuates, and consequently the variation in the current does not in- 
terfere with the measurement. We have only to adjust the resistances 
of tt, 6, and c so that no current passes through the galvanometer, 
and then find the unknown quantity d in the above proportion. In 
simpler forms of the Bridge (B C is the " bridge " proper from which 
the apparatus takes its name), a straight wire of uniform diameter 
extends from A through B to D, while the point B on the wire from 
the galvanometer slides on this straight wire to vary the resistances 
of a and 6. This variation is directly as the length of the segments 
cut off on each side by the sliding point B, and is shown by a scale 
immediately below the wire. 

Exp. 211. — Set up two gravity cells as directed in Exp. 191, as 
nearly alike in every respect as possible. Connect them in series 
through the sounder, allowing them to remain on the closed circuit 
over night that they may each be in good working order for the test, 
disconnect from the sounder and connect the cells in opposition 
through the galvanometer, that is so that the current from each 
tends to flow in a direction opposite to that of the other. There 
should be no deflection of the needle. Connect a third cell passing 
Its current through the two cells which now act as a passive con- 
ductor. Find the resistance of the two cells by substituting for them 
coils from the rheostat as in the last experiment. One-half of this 

• 

Js the resistance of one cell. Similar cells taken from any closed 
ch"cuit may be used. 

To find approximately the resistance of any cell, take 
one-half of the resistance of two similar cells connected 
in opposition. Why not take the direct resistance of 
one cell as of any other conductor? The resistance 
of a cell becomes less, if its plates are made larger or 
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if its plates are brought nearer together. How would 
you prove this? Cells connected in multiple arc form 
jjractically one cell with large plates. 

Problem. — Find the resistances of the high resistance and the 
low resistance galvanometer, using a third and low resistance galvo- 
iioineter for the purpose. 
As by Ohm's law 

if E is constant C varies inversely as R. But C also varies as the 
tangents of the angles of deflection, therefore : — 

WhVn the electromotive force is constant, the resistance varies 
invc'r{<(*lt/ as the. tangents of the angles of deflection. 

Stating mathematically for two resistances R and R' through which 
the' same electromotive force has acted to produce deflections a and a 
respectively, we have, 

R : R' : : tang, a' : tang, a, 

ill which R and R' are the total resistances external and internal of 
the respective circuits. 

Exp. 212. — Pass the current from two gravity cells used in Exp. 
211, through a given resistance (s) of the rheostat and the galvanom- 
eter whose resistance is known (g), and observe the angle (a) oi 
deflection. Increase the resistance (s') in the rheostat and observe 
aiicjle (a') of the deflection. Call the resistance of the battery it 
(unknown) and find the value of x in the proportion, — 

a: + s + g:.r + s' + g:: tang, a' : tang. a. 

Compare this result with the former, when the resistance of these 
colls was determined by the method of Exp. 211. Expect to get 
only approximately similar results. [Section X., Appendix.] 

Exp. 213. — Pass a current from a gravity cell in good working 
condition, and whose resistance has just been determined, through 
the low resistance galvanometer. Note the deflection. Assuming the 
electromotive forcn to be one volt, compute the current that passes 
through the galvanometer. Find the tangent, and by a simple 
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^Tciparlion determine the UiDgent o^ the degree to irhicli \ of an 
•Dipere would turn tUe needle. From poinU laid off at tliis dis- 

iaME successively along the 

linjfnt, Fig. 167, draw lines 

to the center of a quadrant 
eraduated in degrees. The 
railios of the quadrant ahould 
ust equal to that of the 
circle beneath the needle of 
tbe galvanometer. Calibrate 
t^he galvanometer so as to 
re»d in quarter-amperes by 
msrking upon the circle he- 
neili the needle the Ggurea i 
quadrant. This will show very roui/lUy the 
iBg through the galvanometer. A wire of j the 




Pig. 167. 



I from the 



their proper plac 

amperes pass- 
istanee of the 
(approximately i the length of the wire and of the same size), 
stunted between the binding poata, will make the divisions of tlie 
^le show amperes instead of quarters, as by the law of shunts 
only ^ uf the current will then pass through the galvanometer. 

A low resistance galvanometer calibrated to i-ead 
"litectly in amperes is called an ammeter (ampei-e- 

tOeter). 

Any galvanometer used as an ammeter must have a low reaist- 
*hce that it may not introduce into the original circuit, the current 
'n which it is de.5ired to measure, any perceptible resistance. The 
*^cond current (passing through the ammeter) must be practically 
equal to the first, as it Is thia first current that we wish to measure, 
^he most accurate results are obtained when the deflection is be- 
•■ween 30° and CtP. In case of powerful currents the needle may be 
**pt from too great a reflection by means of a properly adjusted 
*hlmt between the binding posts of the ammeter. There are nunier- 
"^Ua kinds of ammeters. A form showing the force with wliich a 
piece of soft iron is drawn into a solenoid of coarse wire is often 
"aed in measuring powerful currents. (See Exp. 221.) 

Exp. 214. —-Pass the current from one gravity cell through the 
"^V lesistance galvanometer (ammeter). Afterward pass the current 
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the amperes is practically the same. As any wire (or point) having 
a liigher potential than another wire or point is to this extent 
''charged," electrostatic voltmeters or electrometers may measure 

voltage. 

Exp. 215. — Examine an ordinary electric bell, tracing the current 
from one binding post to the other. Mutfle the bell and watch the 
movements of the armature carrying the clapper, as 
the current from one Leclanche cell passes through 
the coil. 

The common electric bell is operated by a 
current which enters at one binding post, passes 
through the coil of the electromagnet E^ Fig. 168, 
thence to an insulated post P, thence to the spring 
■4 attached to the soft iron armature forming a part 
of the hammer, and thence out by the other bind- 
ing post. When the current passes, the armature is 
drawn forward (towards the electromagnet), causing the clapper to 
strike the bell. As soon as the armatiu-e is drawn forward the 
current is broken between P and A\ the spring /S then draws the 
armature backward till the points again touch. These two move- 
ments are alternately repeated as long as the circuit is externally 

closed by the " push button." The points of 
contact between P and A are made of metal not 
easily oxidizable. Fig. 109 shows a push button. 
Pig. 169. Fig. 170 shows an insulated post. This is kept 

fix)m touching the "bed-plate" by non-conducting washers b h\ 




Figr. 168. 
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Exp. 216. — Arrange the wires from two Leclanche cells coupled 
D series so that by joining two free ends the bell will ring. Fasten- 
Dg these ends about a half-inch apart, make a 
'ough division of various substances into con- 
luctors and non-conductors by touching the two 
'nds simultaneously with one after the other of 
'he following: iron, tin, glass, silver, lead, wood, 
sUtta percha, charcoal, paraflfine, cork, bismuth, 
2inc, flesh, platinum, iron oxide, copper, copper 
^xide, porcelain, any metal not yet mentioned. 
Dip the ends into a bit of mercury, into water, into oil. 




Fig. 170. 
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No coiiductoi-s are perfect conductors. No non-con- 
ductors are perfect insulators. A current of very high 
potential would force itself through some of these sub- 
stiuices which you have pronounced non-conductors, 
and would ring the bell thi*ough them. For instance, 
the higli potential current from the discharging Leyden 
Jar forced itself through flesh, which (with a testing 
battery developing an electro-motive force of only two 
volts), you have pronounced a. non-conductor. [Section 
XI. Appendix.] 

Exp. 217. — Examine carefully a sounder with reference to giving 
and receiving signals upon it. Connect one pole of a gravity cell, or 
of two cells connected in series, to one binding post B^ and touch 

the other post B^ with the other pole, 
immediately separating them again. 
You hear two clicks close together. 
How are they produced ? Suppose a 
Pig 171 ' ** ^*'"P ^^ paper were being drawn along 

regularly by clock-work under the 
screw b, Fig. 171, as is done in recording instruments, you would 
have made upon the paper, a dot provided b were pointed. Touch 
the post again, but separate post and i)ole after about a second. You 

hear two clicks, but farther apart than 
before. If a paper Avere moving beneath h 
as before, a dash would be made upon it. 
S represents the spring, E the electromag- 
Fig 172 "^*'' ^^^ ^ ^^^ armature. 

(6) Examine a key, noticing the insu- 
lated post P, Fig. 172, and the platinum point on top of it. This 
meets the platinum point above upon the "lever" when the lever is 
pressed down to close the circuit temporarily. Observe that, when 
more permanent closings are desired, they are made by a " switch" 
swung over from the side. Arrange cell, key, and sounder in circuit, 
ami signal in succession the letters of the alphabet. Notice that 
there is a " space " in c, o, r, y, z, and &. 
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MORSE'S ALPHABET. 



LETTERS. 


FIGURES. 


a . 

b ... 

c . • . 


k 

1 


u . . 
V . . . 

w . 


1 . 

iU • . . . • 

O . . . . 


m 


d 


n 




4 

TT • • • • 


e . 

f . . 

g 


o . . 

P 

q . . 


J • * * • 

Z • • • • 
Cu • • • • 


5 

6 

7 


h . . . . 
i . . 


r . . . 
s ... 

t 




o .... 

9 




A sounder is an electrical instrument for receiving signals called 
dots and dashes without recording them. A dot is heard as two 
clicks close together, and a dash is heard as two clicks farther 
apart. 

A key is an instrument for conveniently closing an electric circuit 
manually. In telegraphing, the operator who wishes to send a mes- 
sage first opens the switch. A dot is made by pressing the " button " 
upon the lever, and immediately relieving it of pressure, thus closing 
the circuit for an instant only. A dash is made by keeping the 
button down, closing the circuit for a longer time. 

Note. — The pupil is advised to give no further attention to 
telegraphy than is necessary to understand the simple principles of 
the key, soimder, and relay. He should not attempt to memorize 
the alphabet im.less he has special reasons for learning telegraphy. 
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'^^. 218. — Set up carefully or examine carefully after they are 
^P» two telegraph stations as shown in Fig. 173. Trace the 
^ ^ine current and the local currents through the instruments. 

*xe gravity cells, two in each battery, are shown conventionalized. 
' thin lines represent negative plates, and the shorter, heavier 
'^ the positive plates. Any kind of cells may be thus repre- 
^«d. The current leaves the copper plate of the main line bat- 
^ M as shown at the right of the figure. It passes to the insulated 
^ i of the key. When the lever is pressed down (or when the 
tch of the key is closed) it passes on through the framework of 

key to one of the end binding posts of the relay (relay is shown 
ttively enlarged). From this binding post it passes through the 
^ E of the relay (drawing the erect armature A forward towards 

coil), and out at the other post B\ The current then passes 
over the line wire tq the second station (instruments not shown 
letail at this static^), down to one end binding post of the relay 
his station, throu^ the coil, drawing forward the erect armature, 
at the other end binding post, through the key whose switch is 
led to the zinc plate of the remaining portion of the main line 
tery. From the negative or copper plate the current passes to the 
th (water-pipe conects well to the earth), and through the earth 
to the zinc plate, and out at the copper plate as before. Two 
s are represented in the one main line battery, which cells are 
ided between the stations. Two cells are represented in each of 
two local batteries. The arch H and the armature A of the relay 
n the poles of the local battery. On the forward side above, two 
Jnum points touch as the magnet produced by the main line cur- 
t drawls the armature forward. When the main line current 
ses, a spring draws the erect lever bearing the armature A back 
inst an insulating gutta percha point C. It will be seen that the 
n line current does not enter the sounders SS, The local cur- 
t enters the relay (usually at one of the side binding posts), pass- 
through the arch // and armature A (i.e., the lever bearing the 
lature), but not passing through the coil. Whenever the erect 
mature of the relay goes forward, moved by the main line current, 
horizontal armature of the sounder goes downward moved by the 
il current. 

The relay is an apparatus by means of which one current, usually 
weaker one, may close another and an entirely different circuit. 
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It may be defined as a sounder, whose arch and armature iorm t 
poles of another circuit. 

As used in telegraphy the relay (called also repeater) has a mw 
higher resistance than an ordinary sounder, usually 150 ohms, ^^ 
the sounder has only about 10 ohms. To set up two stations i 
represented, however, 30 ohm relays and 60 ohm sounders wiU \ 
found best. In the schoolroom or laboratory it is not necessary \ 
have very noisy sounders. This high resistance in them will prevei 
the local batteries from "running down" rapidly, and they may b 
used on a closed circuit for months without any care whatever. Tin 
main line cells act through the same resistance, as the current from 
them passes through both relays. It is not necessary to use relays 
on short circuits, but the main line current may be sent directly 
through the sounders. This, of course, does away with all local cir- 
cuits. The advantages of "grounding" the wire are two; viii 
( 1 ) It makes a large saving in the cost of construction, and (2) It I 
decreases the resistance one-half, as the earth has practically no 
resistance. The comparisons of pumps to batteries, pipes of flowing 
water supplied by these pumps to wires carrying currents, and the 
supplying lake of water to the earth, will show how any number 
of currents may be completed through the earth without confusion. 
Currents may also be completed through a common " return wire." 1 

Exp. 219. — Pass the current from several chromic acid cells con- 
nected in multiple arc, through a very short and fine piece of plati- 
num or iron wire. It should be raised to the white heat. Even if 
the cells are nearly exhausted, the temperature of the wire is sensi- 
bly raised, as may be shown by igniting a match or by touching with 
the finger. 

(/>) Pass the current through a short, very fine wire made of 
fusible metal. [Sec Chemistry, Exp. 121.] A minute piece cut 
from a shaving of the metal will do. It melts, breaking the circuit. 

We may use an electric current so as to produce froir 
it, as the chief result, heat. This is done by introdu 
cing into that part of the circuit where heat is desired ai 
appropriate resistance. We may explode gunpowder bi 
thus heating a short piece of fine wire within it. 
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rse the tempeiuture is raised somewhat in all ]iaiis 
an electric circuit because of the resistance to the 
rent in all parts. 

Electric WeMiiig, Electric Forging, and Electric Fur- 
ies for the reduction of ores are alread}' economic 
ccesses ; and Cooking ^ bj electricity '' will doubtlei>s 
on be equally successful. Many metals which befoiv 
id to be united by brazingr can now be welded by 
ectricity. A current of low yoliag-e (3 yolts and 
pward) and of great amperage (2o0 amj^eres and 
pward) is used. There is then no danger if the current 
i accidentally receiyed by the o])erator. 

Short "safety fuses" are often placed in ciivuits to 
uard against the accidental passage of too groat a 
urrent. These are easily replaced if melted or *" burned 

ut." 

Exp. 220. — Pass an approximately proper current thrt)n.ijh a 
<andle power or a 4-candIe power incandescent lamp. Kxaniine 
Iso a regular 16-candle power lamp. 

(h) Pass the current from several chromic aci<l cells conneotctl 
1 series through two small sticks of charcoal as terminals, allow- 
g the sticks to touch each other lightly. Examine also an are 
mp. 

The incandescent lamp contains a narrow stri]) of carbon (c!mrn»»l 
mboo, cotton, etc.) enclosed in glass, from which the air Imn been 
hausted. Why should the air be removed ? IncandcMcent lam|m 
5 usually set in multiple arc, the maker marking upon them IIij^ 
Ference in potential (volts) between the leading wlre« to whleb 
;y should be attached. With use the carbon beconieH wlowly dlnht 
rated, the particles being deposited upon the glami. 

The arc lamp consists of two sticks of kah ciirb«>n eotiHi»etr»j| In 
ae feeding device. The upper carbon UHually Umwn th*' fMwHIvi! 
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pole. This pole being hotter, bums out faster and gives more iight 
than the negative pole. When the lamp is not in use the carbons 
touch, but are 8ei>arated when the current passes, the upper carbon 
rising to the proper distance as explained according to the Brash 
system, by Exp. 221 and Fig. 174. Arc lamps are usuaUy connected 
in series. The whole current passes through each lamp, and its 
voltage must be great to overcome the great resistance of the lamps. 
It is therefore very dangerous to receive a shock from an arc-light 
circuit. Incandescent i>articles of carbon in the form of an art 
between the sticks give name to this lamp. 

Exp. 221. — Pass a current from a chromic acid battery through 
a vertical coil containing many tmns of No. 14 copper wire. Place 
a piece of soft iron (nail) about as long as the coil, end on, near 
the lower pole of coil. The iron should be drawn up into the 
coil. 

This principle is utilized in one form of ammeter, currents being 
measured by the force with which the soft iron is drawn into the 

coil. In the Brush system the carbons are 
kept at the proper distance apart on the 
same principle. Fig. 174 shows roughly 
how this is done. The upper carbon is 

^--^ ' I connected to the soft iron core C of the 

^*^^ / coil of coarse wire through which the main 

1^. current passes. At the instant the current 

^•^ passes, the carbons are separated by the ris- 

ing of the soft iron. The sepai*ation of the 
carbons increases the resistance in the main 
circuit 3/ 3/'. This sends more of the cur- 
rent over the fine shunt wire S S% branch- 
ing off at A, This shunt winds about the soft iron in the opposite 
direction from the main current (winding only partly shown in 
cut), and unites at B with the main circuit again. The current 
passing in the shunt weakens the field produced by the main cur- 
rent, since it passes in the opposite direction. This prevents the 
carbon from rising too much. Both currents are shunts to each 
other, but two currents are often conveniently distinguished as main 
and shunt. A clutch holds the upper carbon when it is in the 
correct position, and this carbon is again and again released by the 
action of the shunt as the sticks slowly bum away. 







Fig. 174. 
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Fuse a short piece of platinum wire into one end of 
{ tube about 6 cm. long by 3 mm. in diameter. Heat 

and gently blow a bulb upon it. Fill the 
of the tube with mercury by means of a 
f a short piece of large thin glass tubing 
Set the bulb and lower half of the tube 
5^. Inserting a wire above (almost any 
oxide will do instead of platinum), push 
just to touch the mercury, remove and 

2 tube at the top with a blowpipe. You 
ermostat. 

a Leclanche battery i, a bell B^ the ther- pi^ 175 

an annunciator as in Fig. 176. This 

form of annimciator consists of three 

essential parts, an electro-magnet E^ 

a catch-lever supported horizontally 

by a pin and carrying the armature 

A, and a drop D. Heat gently the 

thermostat. The bell rings, and the 

drop falls as the thermostat closes 

the circuit. 
L76. 

Thermostats are used to announce 

and annunciator the breaking out of fires, or the 
^iven space has reached any predetermined temper- 
re "planted" in the holds of steamships, and are so 
the pilot has notice at once of a fire and its location, 
jtat of Fig. 176 is changed to a push button, the 
f annunciators for hotels is shown. The circuits 

3 push buttons or Uiennostats return over a common 
iators contain from two to several hundred drops, 
ay be placed on closed circuits, or may carry a spool- 
c float, the upper connecting wire entering between 
of the spool. Such instruments announce that the 
.s fallen to a predetermined point. 

jctrical devices are becoming more numerous every 
1 be out of place in a text-book to attempt any enu- 
»m. The above instruments will serve as type-devices, 
•ill be mentioned under " Induced Currents." 
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£xp. 223. — Bore two small holes through the hottom o! a 
dish, Fig. 177, by means of a small rat-tail file wet with turpentine. 

Through these pass two platinum wires, and wu 
^ 2 the wires firmly about the openings to hold them 



H 







and to prevent leakage. Fill the dish with waier 
acidulated with sulphuric acid to render it abetter 
["l^Hitd conductor. [Section XI., Appendix.] Hang two 

■ ^ — \r^ . lest tubes filled with water over the ends of the 
lift 177 wires, and sustain the tubes by screw-eyes pre^ 

ously waxed to the bottom of each. Pass through 
the water the current from two or more chromic acid cells connected 
in scries. Bubbles of oxygen rise from the positive pole or electrode, 
and twice the volume of hydrogen rises from the negative electrode. 
U'<* may consider that there is a jyvoyre^isive decomposition of the 
wat<T (HjO), the oxygen being negative, going to the positive elec- 
tro Ic, and the positive hydrogen going to the negative electrode 
acconliii;^ to the law of electrical attraction. Cover the mouth of 
tli<' liyilrogen tube with the thumb, invert and ignite with the flame 
of a match. Plunge into the oxygen a live coal upon a fine splinter 
of wooil. Oxygen being a vigorous supporter of combustion, re- 
kindles the splinter. [See Chemistry.] 

I 

The process of separating a chemical compound by an 
electric current passed through it, is called Electrolysis* 

The liquid decomposed by the current is called the electrolyi^' 
The radicals (elements or groups of elements) into which the elec- 
trolyte is decomposed are called fons. The positive ion is called the 
kdtliitfn and the negative ion the anion. The electrode (connected 
to t\u) positive plate of the battery) to which the kathion goes is 
called the kathode, and that to which the anion goes, the anode, Tbe 
amount of decomposition is proportional, other things being equal, 
to the strength of the current passing through the electrolyte. An 
(;l(Hitrolyti(.' cell employed for measuring currents forms a sort o' 
ammeter called a voltameter (not to be confounded with voltmeter) 

Exp. 224. — Dissolve a small quantity of potassium cyanide (ver 
poisonous) in a little water. Divide into two parts. To the fin 
add silver nitrate solution precipitating part of the silver as silvc 
<'yanide. Filter, wash with a little water, and dissolve all of th 
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ilver cyanide that you can in the second portion of the j-iia^^i::::i 
lyanide solution, stirring with glass rod. Place this la>l >«»luii«»n in 
a small beaker, and obtaining a globule of puiv silver by fusini: *ihrr 
chloride and sodium carbonate tc^ther upon cliarcual <rii«'nii*tr\-. 
Exp. 113), flatten and elongate this globule upon a rUnn anvil. 
Placing this silver in the solution' as the positive pule uf a ••hn.»mir 
acid battery and a clean copper wire as the negative pol*'. i«a^« tin- 
current through the electrolyte. The wire is plateil with >ilv»-r. 

(6) Examine an electrotype plate from a series of which the onli- 
nary school text-book is printed. 

Electroplating is the process of covering any con- 
ducting surface with some metal clepo.sittMl from a solu- 
tion of its salt by means of an electric current. '11 it- 
substance to be plated (for obvious reasons) is i»hut^<l 
upon the negative pole. 

The ;)ro^res8ire decomposition through the electrolyte, when the 
bath is a solution of silver cyanide ( Ag CX ), may be n»pn\^t'nt«'il 
by Fig. 178. Silver cyanide is continually 
formed by the union of the radical CX, set 
free at the positive electrode with the silver 
forming this electrode. The strength of the 
solution is thus kept constant, and as much 
free silver is deposited upon the copper elec- 
trode as unites with the cyanide radical from „. « -q 
the silver electrode. Compare Figs. 178 and 

148. The metals most commonly employe<l for the purpose of plat- 
ing other metals are copper, nickel, silver, and gold. The bath in 
each case is of course a solution of some salt of the given metal, 
^lany alloys of base metals are first plated with copper before being 
plated with the desired metal. 

Eleetrotyping is a species of electroplating. The 
process is as follows : — 

. (1) The type is set. 
(2) An impression is taken upon wax. 




198 



ELEMENTS OF PHYSICS, 



(3) The letters in depression in the wax are 

covered with powdered graphite, thor- 
oughly tamped into every minute space. 
Graphite is a good conductor ; wax is 
not. 

(4) The wax is then hung upon the negative 

pole in a bath of copper sulphate and the 

circuit closed, 
(o) When the shell of copper is sufiBciently 

thick, it is removed and supported by 

metal on the reverse side. 
(6) The plate is then mounted on wood to the 

height of the type. 

Note. — Stereotyping, though mechanicaUy similar in some of 
its processes to electrotyping, involves the use of no electricity 
whatever. 
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Exp. 225. — Set two strips of lead, the more oxidized the better, i 
into a strip of wood, B, Fig. 179, and immerse in very dilute sul- 
phuric acid. Pass a current for a few minutes 
from a chromic acid battery (several cells in series) 
through the cell, as shown. The plates, which »* 
first were each equally covered with lead oxi^^ 
( Pb O ), gradually assume the condition shown- 
The oxygen passes to the positive plate (electrode)) 
changing the lead oxide upon it to lead dioxide 
( Pb 0.2 ), while metallic lead is left and deposited 
upon the negative plate. There are intermediate and subordinate 
reactions which need not be mentioned. Hydrated lead sulphate 
formed in charging renders the liquid milky. Notice the difference 
in luster of the plates. Disconnect the battery from the cell. Yo^ 
have a storage cell charged. Connect the wires of this cell to th^ 
binding posts of an electric bell. It rings. Pass the current through* 
a galvanoscope (or galvanometer), and prove that the discharging 
current is in the opposite direction from the charging current. Plac^ 
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I returning lo their 

lergy Jhat was used 

ns^ul work all of (Lis 



a closed circuit, and observe tlmt, as it dfscIisrgeB, the 
lima to wluit is now tlie po^tive plate of the cell, aa 
le change in luster. 

age Cell, called also a secondary cell in distinc- 
the ordinary Voltaic cell, which is called a 
ell, i8 an electrolytic ceil, and is charged by 
is. 

(ge is of potential ener^ and not of electricity. It is as 
oxygen were " lifted up," so to speak, from one plate to 
ind gave out energy in returning somewhat as a stone 
lUld do. The chemicals of the celt, i 
[ition, give out the same electrical e 
ling lliem. Wecan not recover/or 

the efficiency of a storage cell is SO per cent, it will 
It cent of the electrical enei^ used in charging the cell, 
n. X S in X 8 in there may be stored enei^ equivalent 
i power working for one hour. 

shows a strong plate manufactured by the American 
npany. The plate is composed of a stout lead frame 

are curved stnps of sheet lead in 
that there is room for expansion 
juckllng wlien the plates are 

(charged) Many positive and 
ates are set alternately into a sin- 
'. positives being connected above 
, and the negatives on the other. 

the internal resistance a minute 
an ohm The electromotive force 
ell is about 2 lolts and the cur- 
connected by a coarse, short wire, 
> amperes. Some storage plates 

of lead applied to them before they are charged. 
i. — Examine a worn out dry cell, cutting out part of the 
tween its plates. ■ Place a piece of wet blue litmus upon 
I. 

ailed " dry cell" is only a cell in which the liquid has 
■ed by some solid material placed between the plates. It 
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may be a primary cell or a secondary cell as the maker wishes. 
Dry cells have not been sufficiently perfected, so that their durability 
can be relied upon. They are very convenient for temporary use on 
open circuit in portable apparatus. 

Exp. 227. — Bend two pieces of uninsulated copper wire (No. 18), 

about 3 dcm. long, each into the shape shown in Fig. 181. By 

threads about 5 dcm. long suspend each wire 
parallel to the other. Let the ends MW 
dip into four little cavities cut with a half- 
inch chisel in a smooth board upon which is 
mounted the support for the threads. Fill 
each cavity with mercury. Let the two at 
the end M be as close together as possible, 
only a thin layer of wood separating them. 

Make the same true of the two at 3f'. Place the wires about 5 mm. 

apart. Standing at the end M looking along the paralled wires, con- 

n<'(!t by a long bent wire ]V the left hand 

cup of mercury at 3/ with the right hand 

cup at M\ Drop the zinc of a fresh chromic M 

acid cell, and connect the poles of the cell 

to the two remaining cups of mercury as 

shown lu Fig. 182. Observe any movement 

in the suspended wires. 

{b) Remove the wire W and connect the two cups at M' by a 
short bent piece of copper wire. Place the parallel wires about 
1 mm. apart, but not anywhere touching. Drop the zinc of the cell 
and place the poles in the two cups at M, Observe any movement 
of the suspended wires as before. 

Conductors c«anyiniT pamllel currents running in the 
same direction attract each other. Conductors carrying 
parallel currents running in opposite directions repel 
each other. Two intersecting conductors carrying cur- 
rents tend to rotate till they become parallel with 
the currents flowing in the same direction. A study 
of the force lines about each wire will explain this 
action. 
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INDUCED CURRENTS. 

Exp. 228. — Roll up a piece of thin cardboard into a hollow 
Under about 6 cm. long with an inside diameter of about 1 cm. 
ip one end with the scis- 
rs, and spreading out the 
gments fasten them with 
ass tacks so as to hold 
e cylinder, C, Fig. 183, 

•right upon a board about 1 m. long by 1 dcm. wide. From the 
Qding post B (which may be simply a brass tack), wind several 
indred turns of a very fine insulated copper wire (No. 30) about the 
linder as regularly as possible. Bring the wire to the binding 
►St C. Connect these binding posts to a delicate gavanoscope 
This may be made by mounting the needle shown in Fig. 141 

in a thin case of wood chiseled out of wood. 
The glass tube 6, Fig. 184, should rise from 
the center of the thin-walled wooden frame. 
About this some three hundred turns of the 
fine wire should be wrapped longitudinally. 
Wind the wire half on each side of the glass 
tube. This will help hold the tube in position. 
It is best set with the untwisted silk fiber 
within, the needle being attached and raised 
to its proper position after the wire is wound. 
Magnetize strongly a steel rod, loosely fitting 




Figr. 184. 



to, and about a third longer than the cylindrical coil. Plunge this 
ignet suddenly, with its positive pole downward, into the coil, and 
serve the direction in which the needle turns, and that the direc- 
n of the induced current is anti-clockwise in the coil as shown by 
i arrow No. 1. Does the needle remain deflected while the mag- 
t stands quietly within the coil ? 

{b) Suddenly withdraw the magnet, and observe that the induced 
'rent passes clockwise in the coil as shown by arrow No. 2. [The 
^'dle of the galvanometer must be far enough away so that it may 
t be directly influenced by the movements of the magnet.] 

When the force lines which pass through a closed 
il are increasing^ an induced current passes anti-clock- 
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wine in the coil, the observer looking in the direction of 
thetfc force lines. 

When the force lines which pass through a closed 
coil are decreasing an induced current passes elockwm 
in the coil, the observer looking in the direction of the 
force lines. 

When the force lines threading the coil are notYary- 
ing, no current passes. 

Wc may just as well vary the niunber of force lines threading the 
coil by inovlnj? the coil as by moving the magnet. It is a little more 
convenient in studying the law of direction for induced currents to 
keep the coil stationary, but most machines for producing induced 
curn'uts move the coil to vary the force lines within it. 



Exp. 228. — (c) Suddenly plunge the negative pole of the 
ni^t into the coil, and see if the rule applies. Imagine yourself 
looking upward in the direction of the force lines threading the 
coil. 

((/) Suddenly withdraw the negative pole, and apply rule. 

Exp. 220. —Stand a coil of No. 16 wire into the coil of Fig. 183, 
and connect with this inside coil a chromic acid cell in such a way 
that when the current passes it will make the polarity of the lower 
end of the coil positive. Drop the zinc plate of the cell, and observe 
the n(^edle of the galvanometer. Apply the rule for the direction of 
induced currents. 

(b) Suddenly disconnect the wires, and observe that the needle 
swings in the opposite direction. 

(c) Connect and disconnect, making the lower pole of the cou 
negative. Imagine yourself looking upward in the direction of the 
force lines when applying the rule. 

{(I ) Fill the inner coil with soft iron wire, and observe with b®^ 
much more force the needle turns. Does the needle remain deflected 
while the current continues to pass or after the current has fuw 
ceased passing ? Observe that when the force lines are increased tbe 
current in the outer coil passes in the opposite direction from that ^^ 
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the inner coil. When a current is used as the source of the induced 
current, it is more convenient and suggestive to use the terms indi- 
rect and direct for anti-clockwise and clockwise. 

We have for induced currents in coils this general 
Law of Direction. When the force lines threading 
the coil are increasing^ the induced current in the coil is 
anti-clockwise or indirect. When the force lines threading 
the coil are decreasing, the induced current in the coil is 
clockwise or direct. 

Exp. 230. — Connect a coil C having a soft iron core, a galvanom- 
eter or galvanoscope G, and a cell as in Fig. 185. Observe which 
way the needle turns. Push the needle back to and place some 
obstacle to prevent its turning in the 
same direction again. Suddenly dis- 
connect one wire at the cell, and 

observe that the needle turns tem- „, ,^^ 

Fiflf. 185. 
porarily in the opposite direction. 

(b) Remove the galvanometer, and, connecting and disconnect- 
ing again, notice that there is no spark when you connect, but a very 
bright spark when you disconnect. 

Self-induced currents are called Extra Currents. The 
extra current induced on closing a circuit flows in 
the opposite direction, and tends to oppose or retard 
the current. The extra current induced on breaking 
the current flows in the same direction as the original 
current, and tends to prolong and strengthen it. 

Kotice in the cut that when the circuit is broken at the cell the 
extra current flowing in the same direction in the coil will pass in 
the opposite direction through the galvanometer. The greater the 
number of turns of wire in the circuit the greater will be the extra 
current. Pendent gas burners utilize the spark produced by a 
"spark coil" set directly into the circuit with from four to six 
Leclanche cells. 




{ 
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Exp. 2:n. — From a binding post B, Fig. 186. carry an insulated 
V. in* (No. 10) to til*" l>ottom of an insulated post P (similar to tlat 

in the electric bell.) Arrange a ligbi 

S S' armature upon a spring, forming a " circuit 

/ \ , breaker " C (similar to the hammer of the 

(C\\\\.V^?^ i^" "^"^^ electric bell, only very much lighter and of 

W \| ^ ^ the shape shown). From C carry the wire 

CI «^— ^-^B around (two layers) a close bimJle of soft 

«. ,J1 iron wire ir about 8cm. long. Bring the 

wire back to the binding post F'. Arotmd 
this prhnnrj/ roil of coarae wire wind a secondary coil of very fine 
liisiilatoii wire (No. 24 to 30), Make several hundred tnms, and 
fasten the ends to the side poles S S', Fasten two very small tin 
cans, one eaeh to «S and »S', by means of wires soldered to the cans. 
Arran^^e ])latinum contact pieces at A, and adjust the screw so that 
I he '*ein ult breaker" will vibrate rapidly when B and J5'are con- 
n«M'i«Ml in a eireuit with one chromic acid cell. Take hold of the tin 
iiiuulhs attached to iS' .S', and connect the circuit. through B andii' 
from the i-ell. 

All oiMlinary Induction Coil is an apparatus for con- 
vict iii«^^ hy nutans of induction, a current of low electro- 
inoiivi' force or low potential passing through a svm 
ri'sislimcc, into an (dternatiiKj current of high potential 
passinof throiiirh iri'eat resistance. This secondary cui- 
I'cnt has a nuu-h greater physiological effect than the 
primary. Why? 

On coils us(m1 for medicinal purposes are often as many as ten or 
more '*si(h'" hindinjjj posts. 'I'lie first and second are shunted or 
connccUMl resjM'ctivj'ly to 1* and C. When the handles are con- 
nechMJ to thes(» posts the body receives only the "extra current 
from tlu' ])rimary as the "circuit breaker" breaks the circuit, j^^ 
as the Lralvanometer did in Fig. 185. The secondary wire starts*^ 
post, No. 1, is wound part way on, is returned to No. 3, wound agai" 
and returned to No. 4, and so on to No. 10. Why is the effect 
Kn»ater if we nuM'ive tlu^ current through 1 and 10 than when ^^ 
reecMve it through 1 an«l W ? 
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£xp. 231 (6). Pile up in a small shallow box alternate layers of 
if oil 8 X25 cm., well separated by paraffined paper of larger size, 
lis paper must be without blemishes or holes 
rough which electrical contact could take 
ace. Let the odd numbered sheets of foil 
eject about 4 cm. on one end, and the even 
unbered the same distance on the other end 

the paper. Set a binding post through the 




.eets at each end, and connect wires P* and p^^^ j^3Y 

', Fig. 187, from them to P and C respectively 

figure 186. This box forms a Leyden jar or condenser. [See 
xp. 167 and comments.] Connect to iS and S' each a short coarse 
ire, and bring the blunt, smooth ends within about 3 mm. of each 
her. Now pass the primary current, and observe the sparks that 
MB through the air between the coarse wires. This shows the very 
igh potential of the secondary current. 

Induction coils such as have been described with or without con- 
insers are often called Rnhmkorff Coils. With the condenser 
ley are often colloquially called ** spark coils." They must, how- 
ler, be carefully distinguished from the "spark coil " upon the 
rimary (C, Fig. 185), which gives its spark by self-induction, and 

utilized in the circuit of the pendent gas burner. In " multiple 
ectric gas lighting," Ruhmkorff coils are usually employed instead 
• static electrical machines to force the current across the high 
distance of the gas jets, producing in the gas (dielectric) a spark 
liich ignites it. Indeed, the induction coil proves that current 
ectricity of very high potential is identical with static electricity. 

Bxp. 232. — Ignite a gas jet, perforate a card, make a Geissler's 
l>e glow, and perform other so-called static electrical experiments 
ith the high potential current from the induction coil. 
Induction coils have been made containing from three hundred 
five hundred miles of wire in the secondary coil, and giving 
•arks forty inches and more in length. Transformers are "in- 
'rted " RuhmkorflP coils in which the primary wire is long and fine, 
id the secondary wire is short and coarse. By means of trans- 
nners alternating currents of high potential (from an alternating 
^amo) and small current strength may be transformed into cur- 
nts of great strength having small difference in potential. 
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- Rf tween the polea of a horseshoe electromapel, 

, ili-liralely & piece of soft Iron ui>on a homoiiUil 

axis as shown b; modi- 

Sed and Bupenmposed 

or the two brass i 
rings InBUlated troro Ihe 
axle, and ehona in the 
front seelion. carry m 
insulated wcw (No. '2^) 
about the ao(C iron n 
iiig the upper enii SI 
ative pole, it the cur 
sliould enter througli the 
upper semi nng or Mg- 
ment Kelum Ihe «ii« 
lo the othPF Bem-riBg 
T" after winding prop- 
erly about the lo*fr i 
end. [These Insul*"^ 
segments form the cW" 
mutator. The rol»tii* 
oil ivitli iis .soft iron c-orc is called the onnafure. The fixed d«- 
roiiiHHiivl. iH ealleil tlin fifld inagnet]. At 6 and (>* fasten mPP« 
l.ri|>M or liriiKlim rencliing to the commutator as shown. ConnW' 
III n and '/ 111 II'. Lift one of tlie liriishes, so as t^ break tbe 
iiiiiii rlri'iilt tliroiifrh llic armature, and pass the currant from do' 
liriiiiiiiT ai-ld iidl around the field magnet in the direction MA> 
rrows. Iliscoiiiiwt tlii> i-idl. A little residual magnetisni rem^ 
II the soft iriiii iiiru of llii- fii'l<l magnet. Connect B and ff lo ll" 




Fig. 188. 



184. 



■ay a 



AVith the finger whirl the armaW 
i arrows, observing the directioDW 
Now turn the armstfli* 
,t a time, and apply tbe rule 
to the coll of the arniatm*- 



<lelit'nti! ftalvnnuM'iipi', Fi] 

In till- din-caioii of ilu^ t« 

tliu curronl tliniii);h tin 

nlowly oiic-qiiartiT of the 

for the din^ctlou of Iniliiced 

Consider tlie foii'e lines from the flehl magnet as running horiwo- 

tally. Notice that while the current is alternating in the arnmtiu^' 

it Is made lo run continuously in the same direction through tbe 

brushes and around the H.dd niagui't by means of the commulaW^' 
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)oe8 the current pass in the same direction over the wire h li' as 
epresented by the arrow or in the opposite direction ? Your appa- 
ratus is a dynamo with two-poled armature. [The commutator seg- 
ments for the best results need to be adjusted by twistiug slightly to 
the right. See Appendix, Section I, 18.] 

A Dynamo, or Dynamo Electrical Machine is a 
machine for transforming mechanical energy into elec- 
trical energy by means of magneto-electrical induction. 

There are a great many kinds of dynamos. A dynamo with two- 
poled armature would be practically wortliless because of its low 
efficiency. Ours is a shunt or shunt- wound dynamo. If we should 
disconnect B from 6, and should carry the wire emerging from the 
coil of the field magnet at E back to 6, as shown by the dotted line 
(instead of carrying it onward to B% we should have a merles wound, 
^^ a series dynamo. Were the two segments of tlie comnuitator iii- 
stilated, entire rings side by side, the field magnet being either a 
permanent magnet or a ** separately excited " magnet (that is, mag- 
netized by some other current than the current from the dynamo), 
'^'e should have an alternating current dynamo. The old-fashioned 
n^^gneto-electrical machine is an alternating current dynamo. Com- 
pound wound dynamos are also used. 

Bxp. 234. — Pass a current from one chromic acid cell in at 7? and 
^^t at B', The armature should whirl rapidly in the direction of the 
^^irved arrows. Why ? Explain by using force lines. The explana- 
^*Ott from the polarity of tlie soft iron is easier, but not so useful in 
**clpiiig to an understanding of an ordinary dynamo or motor. 

(6) Reverse the current. The armature still whirls in the scwie 
Predion. Why ? 

(c) Connect B and 6', also B' and ?;, reversing the current through 
*^® armature but not through coil of the field magnet. 

A Motor^ or an Electro-Motor, is a machine for trans- 
foirjning electrical energy into mechanical energy by 
^Bans of electromagnetic induction. 

A dynamo may be used as a motor or a motor as a dynamo. 
^^^re are, however, differences in detail according as a machine is 
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to be used as a dynamo or motor. Motors, of course, may be shunt 
or series, A motor with a two-poled armature would possess no 
practical value, because of its low efficiency as written above. 

Exp. 235. — Examine a large dynamo as to the following details, 
some of which may be obtained from the electrical engineer : — 
( 1) Winding of the armature. (2) Revolutions per minute of the 
armature. (3) Shunt or series wound? (4) Difference of poten- 
tial between its terminals. (5) Resistance between its leading 
wires. (6) Current which it maintains. (7) Rate of development 
of energy (horse-power). 

The imit of electrical power is the Watty or volt-ampere. It is 
the power developed when a current of one ampere flows with an 
ele(.'tromotive force of one volt. A current of 3 amperes flowing 
with an electromotive force of 2 volts would give 6 watts. 

The equation for electrical power is ; — 

C E = W (watte) 

Substituting from the equation representing Ohm's Law, we have 
as other convenient equations, 

C2R = W 



We also have, 



i=" 



746 watts = 1 horse-power. 
1,000 watts = 1 kilowatt. 



The dynamo has generally replaced all other " gen- 
erators " of electricity in furnishing the current for 
motors, electric ligliti ng, electroplating, charging sto- 
rage cells, etc. Its introduction has caused a somewhat 
similar revolution to that brought about by the intro- 
duction of the steam engine. 

XoTE. — The wires leading from an electric generator (dynamo in 
motion, Voltaic cell, etc.), have electrostatic charges even before the 
])ol(>s are closed. The identity of current electricity and static elec- 
tricity is shown by the measurement of the potential of such wires 
by an electrostatic voltmeter, that is, by an electrometer. We arc 
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ow prepared to see that there is but one electricity. Current elec- 
ricity developed by Voltaic cells was formerly called Voltaic or Gal- 
anic electricity. 

THBBMOBIiECTBIC CUBBBNTS. 

Exp. 236. — Take a strip of sheet copper about 3 dcm. X 2 cm. 
Mount this upon a similar strip of zinc by bending together the 
ends, making a firm contact. Leave the two strips in the form of a 
parallelogram, whose opposite and longer sides are about 1 cm. 
apart. Mount a long and light needle between the two strips, and 
place the parallelogram in the magnetic meridian. Heat one of 
the junctions. 

If a circuit be made of two metals, and one of the junctions be 
heated, a current of electricity will pass in the circuit. The metals 
which will best give this current are antimony A 
and bismuth B. Fig. 189 shows bars of these metals 
alternately arranged soldered at the points of con- 
tact. If the lower joints be heated as shown, a 
current passes in the wire from the antimony to the 
bismuth if the circuit be closed. Such an arrange- 
ment is called a Thermo-pile instead of a thermal 
battery. Its efficiency being only about 20 per cent, 
the principal use of the thermopile is as a differ en- Heat. 

'ia/ thermometer. Very many bars are often used. Fig. 189. 
Tlie direction of the current when the junctions 
opposite the wires are heated, is easily remembered by the order of 
^*ie letters. Of course, if this junction is cooled the current is re- 
versed. The apparatus will show ver}' slight changes of temperature 
by being connected with a delicate galvanoscope. 

QUESTIONS. 

1. If 10 cells, each having an E. M. F. of 1.5 volts, and a re- 
sistance of .6 ohms, be connected in series through an external 
resistance of 4 ohms, what will be the current ? 

2. If the same cells are connected in multiple arc through a 
resistance of .1 ohm? 

3. If the same cells are connected, two multiple groups in series ? 
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4. Fifty incandescent lamps, each with a resistance of 100 ohms, 
hang in multiple arc between two leading wires. What is the com- 
bined resistance between the ** leads" ? 

• 

5. There are three separate resistances between two leading wires 
of 50 ohms, 20 ohms, and 5 ohms respectively. What is the com- 
bined resistance ? 

6. A galvanometer has a resistance of 100 ohms; what must be 
the resistance of the non-magnetic coil shunted between its binding 
posts that one-fifth of the current may pass through the galvanom- 
eter? 

7. Define constant battery, Voltaic cell, polarization, resistance, 
volt, ohm, ampere, watt, galvanoscope, residual magnetism, series, 
multiple arc, shunt current, conductivity, rheostat, potential, am- 
meter, relay, storage cell, induced currents. 

8. What is the " Right Hand Rule" for a single wire? (6) For 
a coil ? 

9. A current of 372 amperes flows under an E. M. F. of 8 volts. 
How many horse-power is developed? (6) How many if the cur- 
rent is 8 amperes and the E. M. F. is 372 volts. 

10. The combined resistance of three shunts is two ohms. Tb® 
resistance of the first shunt is 4 ohms, of the second 5 ohms. What 
is the resistance of the third ? 

11. What are non-magnetic coils, and where are they used? 

12. What advantage has the Wheatstone's Bridge over the rheo- 
stat ? Explain. 

13. What other term have we for effective E. M. F. ? 

14. How would you connect two gravity cells having each an 
internal resistance of 10 ohms to get the greater current through 
an external resistance of 60 ohms ? 

15. Draw a plan for ringing, from room A, a bell in rooni B- 
(h) Set one bell [diagram] in each room, and connect so that pusii 
button in A rings bell in B, and button in B rings bell in A. Use 
one battery, only three connecting wires, and do not allow both 
bells to be rung by one button. 

10. Connect two thermostats with battery bell, and two '* drops 
of the annunciator, showing plainly the connections. 
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17. "Why is a stonge cell called a " secondary cell '" ? {h) Why 
i a cell confessedly moist, called a ** dr>' cell ** ? 

18. Why will a given current passed over or under a magnetic 
leedle at ri^t an^es not move the needle ? {h) Will a current at 
liglit angles ever move the needle ? Explain. 

19. Mention five experiments upon which the comments exceed 
the proof offered in the experiment, (h) Five in which the exjieri- 
ment suggests to you other and further comment. 

20. Mention a good experiment which you have performed, or 
wluch you have found in some other text-book, that might be sub- 
sUtuted for one used in this chapter. 

21. Taking the definition of the ohm as given in this book, what 
is the resistance of 1000 m. (1 kilometer) of copper wire 1 mm. in 
diameter ? (h) Of 6 kilometers 4 mm. in diameter ? [The resistance 
is inversely as the cross section, or inversely as the square of the 

diameter.] 

22. Taking the specific resistance referred to copper [Note, Sec- 
tion XL, Appendix], what is the resistance of 2 kilometers of iron 
wire 6 mm. in diameter ? (6) Of 500 m. of German silver win^ 
.2mm. in diameter ? (c) Of 100 m. of platinum wire .omni. in 
diameter ? ((/) Of a brass rod 5m. long and 3 mm. in diameter ? 

23. A 60-ohm sounder is wound with copper wire .2mm. in diam- 
eter. How long is the wire ? 

24. A wire whose sx>ecific resistance referred to copper is 3, has a 
f^istance of 10 ohms and a length of 1 kilometer. What is its 
^liameter ? 

25. A galvanometer of 5000 ohms resistance would require how 
'^ga German silver wire .1mm. in diameter? 
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CHAPTER XVI. 

LIGHT. 

Note. — The word " light " is used in Physics in two senses: 
(1) as the direct cause of the sensation, and (2) as the effect or sen- 
sation. If the irregular molecular motion in a body emitting radiant 
energy is smaller, the energy manifests itself to the senses as heat 
If this motion is greater it is manifested as light, heat being always 
present with light, but not vice versd, [See Kinetic Theory of 
Heat.] Bodies at or above the red heat emit light, that is, produce 
radiant energy capable of causing the sensation of light. Bodies 
which are sources of light Are called self-luminous, or simply lumi- 
nous. Examples of these are the sun, the fixed stars, white-hot par- 
ticles in flame, and white-hot bodies, large or small, anjrwhere. Such 
bodies produce the vibratory motion called radiant energy in the 
ether about them ; and the ether, which is supposed to fill all space, 
even the intermolecular spaces in the most dense bodies, communi- 
cates this vibratory motion outward in all directions. This radiant 
energy is partly absorbed by ponderable bodies (principally as heat), 
is partly reflected, and is often partly transmitted to the ether 
beyond. A single line or ray of light coming to us from the sun 
may be thought of as vibrating in segments at right angles to its 
direction, and progresswely from one end (the sun) to the other 
(the earth). This vibration might be compared to that of a vertical 
line of molecules in jelly after the top of a tall jelly-dish has received 
a " complex jar." The vibrations in the ether which produce the 
sensation of light are more like those of a highly elastic solid body 
than like those transferred by a fluid. Lines of radiant energy 
manifesting itself as heat may be conveniently spoken of as "heat 
rays." 

Considered separately, that department of Physics 
which treats of light is called Optics. In the causative 
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ense, light may be defined as a vibratory motion in 
ther capable of affecting normally the optic nerve. 

A ray of light is a single line of light. A beam of light is a col- 
ection of several parallel rays, and a pencil of light is a collection 
of rays converging to, or diverging from, a point. Kays from the 
sun are sensibly parallel at the earth. 

Exp. 237. — Obtain a piece of ordinary window glass, a piece of 
ground glass, and a thick piece of mica (or three other bodies of 
which these are types). Try to look through each at the flame of a 
candle. Cleave off as thin a piece of mica as possible, and look 
through it. 

Transparent bodies transmit light readily, translucent 
bodies less readily, and opaque bodies do not transmit 
any light. Transparent substances, if very thick, be- 
come translucent. Translucent substances, if very thick, 
become opaque. Opaque substances, if very thin, be- 
come translucent, or even transparent. No line can be 
sharply drawn between these three kinds of substances. 
[Bodies transmitting " heat rays '' readily are called 
diathermanous, A clear crystal of common salt is one 
of the most diathermanous substances known. Bodies 
like alum, glass, water, ice, etc., which do not transmit 
i^ant heat readily, are called athermanous. See com- 
ments. Exp. 148.1 

Exp. 238. — Darken the room, and admit a beam of light through 

* small opening. Observe Its path as traced by the dust. Notice 

^hat nothing can be seen between the particles of dust, though this 

^Pace is filled with light, (h) Look into one end of a small, bent 

^l>ber tube, while the other end points towards the window, or 

^^ards illumined objects. Nothing but darkness is observed. 

^*^iUighten the tube. Light and the objects from which the light 

'^Haes are seen. To render an object visible, light from that object 
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must enter the eye. To produce normally the sensation of light, 
rays must enter the eye. A ray of light, crossing a dark and dust- 
less room, looked at from the side, would be inyisible. 

In a homogeneous medium, Liffht travels in straight 
lines. 

Exp. 239. — Suspend a smooth ball about 4 cm. in diameter on a 
level with the flame of a very small candle, and receive the so-called 

''shadow" (which is really the sm- 
tion of the shadow) upon a paper 
screen. Observe that there is a darker 
center, A, Fig. 190, with a lighter 
I)ortion, jB J5', surrounding it Make 
several pin-holes in the screen, some 
in each portion of the section of the 
shadow, and look backward through 
them at the luminous body, that is 
at the flame. It is invisible from 
any portion of A, but is partly visible from any portion of 
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A shadow is the space from which the rays of light 
from a given luminous or illumined body are wholly 
or in part shut out by the interposition of an opaque 
body. That space from which all the rays are excluded 
is called tlie mnbra^ and that from which only part of 
the rays are excluded is called the penumbra. Shadows 
are geometric solids, and are to be thought of as having 
three dimensions, and not as measured by "square 



measure. 
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If the luminous body were a point, how would it affect the penum- 
bra ? The sun is very many times as large as the moon. What is 
the shape of the moon's umbra ? 



Velocity of Light. Roemer, a Danish astronomer, 
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first determined the velocity of Light. He found it to 
be about 186,000 miles per second. 

In Fig. 191 let J represent Jupiter with the nearest of his four 
large moons. This moon is eclipsed (passes behind Jupiter) at each 
revolution. Roemer found that if he be- 
gan the measurements when the earth E* 
was at E, nearest to Jupiter, the inter- ^ "^ 
vals of time between successive eclipses -••/ ^ \ 
increased very perceptibly till, when the V / O' 
earth reached W\ farthest from Jupiter, \ ^ ^ - 
the sum of the "increases" was about £•" 
16.5 minutes. From E" around to E Fig. 191. 
again the intervals decreased till the 

sum of the "decreases" was equal to about 16.5 minutes. He then 
came to this conclusion, that it took light 16.5 minutes to cross the 
earth's orbit from E to E\ a distance of about 185,000,000 miles. 

Improvements in mechanism, by which exceedingly short intervals 
of time may be measured with accuracy, have enabled physicists not 
only to confirm Roemer' s conclusions as to the velocity of light in 
space, but to determine its velocity in different media. For example, 
^ighi travels more slowly in water and in glass than in air, and more 
slowly in air than in a vacuum. The latest investigations make the 
velocity of light in vacuo about 186,330 miles or 299,860 kilometers 
per second. 

Exp. 240. — Close one eye and hold a pencil vertically a short dis- 

^nce from the other eye. Move the pencil away till it is held at 

^nn's length. Observe whether the lines drawn from the extremities 

of the pencil to the eye make a larger or smaller angle at the eye. 

(^) Hold the pencil stationary at arm's length, and look at it first with 

one eye and then with the other. Observe the two positions upon 

the \^rall against which the pencil seems to be projected. Imagine 

"^es drawn from these two positions to the pencil. Is the angle at 

^^6 pencil larger or smaller if the pencil is nearer the eyes ? 

The yisnal angle is the angle at the eye formed by two lines 
"'^Wn respectively from two opposite and extreme points of a given 
°^3€ct. This angle is larger as the object is nearer. 

Parallax is the difference in direction of a given object as seen 
''^m two standpoints. The parallax is greater as the object is 
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nearer, becoming 180^ when the object lies on the straight line join- 
ing the two standpoints. The fixed stars are at such enormous dis^ 
tances from us that most of them show no parallax even when looked 
at most favorably from opposite sides of the earth^s orbit. None of 
them sliow any visual angle (that is, any disk), even when examined 
by the aid of the most i)owerfal telescope. 

INTENSITY. 

Note. — By intensity of illumination is meant the amount of 
light received per unit area by any given surface. By intensity of 
light at the source is meant the amount of light emitted by a unit 
area of the luminous body. Astronomers call this the " intrinsic 
brightness." In ordinary photometry, by the intensity of a given 
light is meant the quantity of light which the luminous body (or 
flame) emits compared to the quantity which the standard light 
emits. The relative size of the two flames or luminous bodies is not 
considered. In this latter sense we shall use " candle power," or 
simply "power" for intensity, reserving the term ** intrinsic brightr 
ness " for the true intensity of the source. " Intensity of light" in 
a general sense is often used for " intensity of illumination," espe- 
cially where the substance illuminated is thought of as both receiv- 
ing and giving out (by reflection or transmission) light. Unit time 
is always understood in estimating intensity. 

Kxp. 241. — Prepare a strip of board 2 m. long by 15 cm. wide, 
graduated lengthwise in centimeters. Set four candles close to- 
gether upon a block of wood, and one candle upon another block. 
The candles should be carefully selected as to the size of the wicks, 
(itc. , that each may have the same illuminating power. Prepare a 

slide S, Fig. 192, composed 
Q I of a block of wood to which 

B I I A a piece of paper, having 

Fie. 192. ^^ oiled spot in the center, 

has been tacked. Place 
this slide upon the center of the graduated board, the paper at right 
angles to the length of the board. Darken the room by drawing the 
curtains, and adjust the board by rotating horizontally till each side 
of the oiled spot is equally illumined by the light which still enters 
the room. Light the candles, placing the single one at A and the 
others at B on opposite ends of the board. The oiled spot looks 
darker on the side receiving more light. Why? Move the slide S 
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till the oiled spot is equally illumined on each side. Compare now 
the distances of A and B from the slide. The apparatus is called 
Bnnsen's photometer. 

(6) Replace A with a standard sperm candle [of the size known 
as "sixes" (six to the pound), which bums 120 grains per hour], 
and replace B with a gas-jet, utilizing a rubber tube to bring the 
gas to the burner. Arrange the slide till the oiled spot is equally 
illuminated, and compute the candle power of the gas-jet. In place 
of the gas-jet the flame of a lamp may, of course, be used. 

law of Intensity. The intensity of illumination is 
inversely/ as the square of the distance from the source of 
lights and the powers of the lights necessary to produce 
equal illumination are as the squares of the distances of 
the lights from the surface illuminated. 

The comparison of the powers of different sources of light can be 
made only approximately. The standard varies in power according 
to the length of the projection of the wick, the condition of the air 
in which it burns, etc. The gas flame not only varies with varying 
pressure and quality of gas, but sends out slightly more light in 
some directions than in others. 

Flames of the same size, as is well known, do not necessarily give 
the same light. Indeed, often the smaller luminous body gives more 
light, because of its greater intrinsic brightness, that is, the greater 
intensity of the light emitted. This is measured by the quantity of 
%ht emitted by one unit of surface. 

Griven that "Light travels in straight lines," and we can easily 

prove mathematically the Law of Intensity as affected by distance. 

^ight coming from a luminous point, and passing at a distance one, 

through an orifice whose diameter is one, falling upon a screen 

^^ose distance is two, would be spread over four times the area 

^^ich it fell upon in passing the orifice. The intensity therefore 

^oxild be only one-fourth as great. Making the terms general by 

^ing the distance x instead of two, we have at the distance x for 

^^^ intensity i . 

X 

Exp. 242. — Procure an old-fashioned camera (or make a camera 
^X)m a paper or wooden box painted black inside). Remove the 
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\M\n from the front, mnd fasten m UadLmmi caid vith m parole n 

the center orer the bj^ offifiot. rpcn 
thin white paper or ^rotoid ciuK. I fit 
193, leceire the ima^ KA' of some object 
AB, as the ilame o€ a <^»<n^ oris a boose 
illnminafed bj sunshine. Tht imse is 
best seen if the head is eoveied vith i 
dark cloth, so as to exclude the li^ from 
the side / of the leceiTing screen, whik 
observing the image. 

A real and inverted image of an object mav be 
foriiHjd by allowing the light from the object to pass 
through a small orifice. 

A real linage is one from whick, when it is seen, rag* 
of li(/lit come to the eye. 

A virtual linage is one from which, when it is seen, 
ii'iyH of light Hecm to come to the eye. 

IiiiJif^i'K foniHMl by ordinary mirrors are virtual, not real. A real 
Inwij^i* Im n-ally thi'n; whore it seems to be. A virtual image seems 
Ut Im- Mirn*, but Ih not n;ally there. The rays of light come as though 
Uwy ratiH^ from it, ])ut tliey do not. 

If you wrlto upon tli(; board any given letter, as E, and con- 
tliiiH' to wrilo ji larp^ number of E's upon and near the first, you 
will Hooti uppiin-utly hiivn no E's there, though you have written 
many. Only a l)lur of clialk is apparent. Could you remove all 
but tin* (liMt, or all but a f(;w of the first, you would soon have your 
pb'tun* c»r lmaj;<^ of K ap])aront again. 

Analof^ouM to tliJH tlio Imago B'A' is formed by a process of exclu- 
MJon. lOvrry ray of liglit from a point imprints a real image of that 
point upon any Hcn'('n ui)on wbi(;li the ray falls to be reflected again. 
itayn paMMing outward in all directions, innumerable in number, from 
any point, an^ all Hliut off by tlie perforated card, save a few which 
form tb(^ Image. Wlu^n the orifice is much enlarged, the image dis- 
appMjirM, l)elng covj'nMl by sueli a confusion of superimposed images 
of other polntH, that we can recognize neither it nor those images 
Wlileli eaUMC tlie eonfuHlon. 

ImagcN of tlui Hun are often formed upon the ground by the 
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SDial] openings in the dense foliage above. A perforated card gives 
^ ^eiy interesting image of the sun during a partial eclipse. 

REFLECTION. 

^xp. 243. — In a darkened room reflect a beam of light from a 
^^ished surface, rotating the surface upon different axes so as to 
^^^ the reflected beam in various direc- 
tions. Observe that the greater part of the 

^%ht is reflected according to a definite law. 

^ MPot Fig. 194 is called the angle of inci- 

^Oice, and PBR the angle of reflection. 

■^ Jf' is the reflecting surface, and P B the 

^oimal, or perpendicular, to that surface. 

L^or many experiments under light a dark- 

^ixed room is necessary, the darker the better. 

^»VTiile this experiment does not require a very dark room, it is much 

^=ci.ore impressive in such a room. To introduce sunlight, some form 

of the ^^ porte-lumiere,'''' shown in Fig. 195, 

is necessary. The apparatus consists of 

^ mirror, Jf, fastened by the hinge, II, to 

"ttie tube T, which revolves horizontally, 

^nd is painted black on the inside. This 

"tube is set in the wooden frame C C\ clos- 

^^^g the opening formed by the raised 

'^^indow. The string S varies the angle 

t>€tween the mirror and the tube to suit 

^he varying positions of the sun. Revolv- 

*^g the tube T also helps to " catch the 

siin >» The end O of the tube is closed at 

^^n by plugs having orifices of different sizes and shapes. 

^^fkening the room, see Section I., Appendix.] 

IjEW of Reflection. TJie angle of reflection is equal to 
^he angle of incidence.^ both lying in the same plane per- 
pendicular to the reflecting surface. 

^xp. 244. — Hold a white smooth card as a reflector of a beam 
^^ light in a dark room, and observe (1) that part of the light is 
^^^ected upon the wall of the room according to the law, (2) that 
^^rt is scattered by a diffused reflection apparently not according to 
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the law, and (3) that part of the light is troMmitted or allowed to 
))as.s through the card. 

{h) Reflect in the same way by a piece of glass. Observe whether 
more or less light is reflected compared with the amomit transmitted 
as you make the angle of incidence greater. 

(c) Reflect from a black card. Is more or less light reflected thaa 
from the white card ? 

(// ) Reflect several times from mirrors placed one after the other 
along the broken line of light, and observe whether the iUuminatioii 
upon the wall is any less strong than when the wall is illuminated 
without any reflection, or after a single reflection. 

((') Reflect the beam into a deep glass jar. FiU the jar with 
smoke (from touch paper), and reflect again, observing the pro- 
nounced difference when the jar is filled with smoke. 

Diffused Light is light scattered by reflections from 
rough surfaces, or by multiplied reflections from for- 
eign particles in otherwise transparent media. 

No surfaces are perfectly smooth. Transparent bodies are made 
translucent by roughening the surfaces (as ground glass), or by ren- 
dering the inside in any way not homogeneous. Whenever light 
falls upon transparent or translucent bodies, part of it is reflected, 
l)art is absorbed (and converted principally into heat), and part is 
transmitted. Opaque bodies absorb and reflect light, but transmit 
none. Black bodies absorb more light and reflect less than white 
ones. [See Exp. 148 and comment.] More light is reflected and 
less absorbed as the angle of incidence becomes larger. 

Wo sec objects by diffused light, which is often called " irregularly 
reflected light.'' Were it not for diffused light, the sunshine would 
reveal only the objects upon which it fell, either directly or after 
reflection according to the law. Shadows would be " dense," and 
objects in them invisible. " Regularly reflected light," or light re- 
flected from perfectly smooth surfaces, would not reveal to us the 
reflecting surfaces. Perfect mirrors would be invisible, revealing 
not themselves, but images of the objects in front of them. 

Note. — Except when the eye is considered as a camera, this 
book will treat the pupil of the eye as if it were only of sufficient 
size to admit a single ray of light from a given point. Of course, 
from any point seen, a slightly diverging pencil of light enters the 
eye. See the " picture cuts" in larger works. 
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^Xp. 245. —Mount a piece of a broken mirror, 3f, Fig. 19(5, verti- 
upon the table by means of two blocks. Set a large pin, O, as 
object. At A^ in line with the 

e J, set the pin A. Set another Q 

, J?, at random, and the pin C a 
^'^ line with B and the image /. 
*^*rk the position of the mirror, 
'^membering that the reflecting sur- 
*^ce is behind the glass, and then, 
''^moving the mirror, prolong the 
^nes A O and CB till they meet at 
■*- Measure M I and M O, (b) We have also the simple geometric 
proof shown in Fig. 197. Let E be the object. Reverse the arrow- 
*^^ds, and let ^ -B be the diameter of the pupil (last note), then will 
^' be the image. 

Images formed by' plane mirrors are (1) virtual, 
(2) erect, (3) of the same size as the object, (4) as far 
tehind the mirror as the object is in front of it, and (6) 
Reversed with reference to tlie object, as the letter is the 
reverse of the type with which it is stamped. 

Exp. 246. — Place a micror horizontally and with the eye at E, 
Fig. 197; hold an upright twig (or a pencil) erect on the opposite 
side of the mirror. Why 
is the image of the twig 
apparently " inverted " ? 
Having the Law of Re- 
flection given, the ex- 
planation is very easy. 
Draw a figure similar to 
Pig. 197, explaining why 
the right hand seen in a 
vertical mirror seems to 
be the left, and vice versd. 

Virtual images cannot 
be caught upon a screen, 
because they have no ex- 
istence except in the im- 
agination. The eye sees a point, as it were, by looking backward 
along the line (ray) of light that enters the eye from that point. It 
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Fig. 197. 
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tnattors not how many directions the ray (because of reflection or 
other causes) may have taken, the eye sees the point in the opposite 
direction from that taken by the ray as it enters the eye. Forex&iB^ 
pie, in Fig. 197 the eye *^ thinks it sees" the point A in the diK^ 
tion K .S, that is, at A\ The same is true of the point B, wWch is 
seen as though it were at B\ with no mirror intervening. The same 
reasoning applies to all other points seen. In a loose sense this 
image is sometimes spoken of as an inverted image, but it is not a 
tnie inverted image. If the mirror is turned to the vertical, leaving 
tlie twig in the same position (erect), the "turning about" will be 
HCiMi to be lateral, like that of the letter comparcnl to the type that 
8tiimi)8 it, or like that which makes the right of the object seem the 
left in th(^ image formed by all vertical plane mirrors. 

NoTK. — In all section work imder light, real rays should i)€ 
drawn as continuous lines, and the directions indicated by arrow- 
heads. Imaginary rays and perpendiculars should be dotted, as 
shown in Fig. 197. A uniform rule in class work is very helpful- 
Every distinct portion of a broken ray should have an arrowhead. 

Multiple images and images of images may be obtained by placing 
mirrors at angles with each other. How many images can you 
obtain if the mirrors are at an angle of 90° ? of 60° ? of 45° ? [^ 
Kaleidoscope in larger works.] Parallel mirrors give very many 
images of the object placed at the end of the tube (which they form) 
and <)pi)ositc the eye. Metallic mirrors give only a single image, 
but ordinary glass mirrors give also several fainter images, if the 
obs(*iTt»r looks obliquely. [See refraction.] 

Kxi». 247. — Let rays of light from the sun, the rays from which 
are sensibly parallel, fall upon a concave ^ mirror, as shown in Fig* 

198. Suspend by a wire a small, 
opaque, flat body, and find a poin^ 
F, in front of the mirror where 
the body is brilliantly illuminated 
by the reflected rays. 

(h) Hold the bulb oi the ther- 
mometer at F for a moment, 9>^^ 
Fig. 198. observe the effect. [Consider the 

second part of this experiment as a continuation of Exp. 148.] 

* By coucave and couvex mirrors in this chapter, spherically concave and con- 
vex mirrors are meant. 
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The point C, the center of the sphere of whose surface the mirror 
18 a part, is called the center of curvature. The perpendicular from 
the center of the mirror passes through the center of curvature, and 

• 

IS called the principal axis. Of course all perpendiculars from the 
"Mirror pass through the point C along the radius of the curve. A 
point on the principal axis half way between the center of curvature 
*^d the mirror is called the principal focus. The regular Law of 
*^eflection applies to concave mirrors. All guiding perpendiculars 
*^ to be drawn from the center of curvature. Do the reflected rays 
stop at F, if there is no screen there to stop them ? 

W'hen the concaye mirror is only a very small por- 
^^on of the surface of the sphere of which it is a part, 
^^l/s of light falling upon the mirror parallel to its princi- 
P^^ OLxis are reflected to the principal focus. 

-^^flections from concave mirrors exhibit the following tjrpe 

X, When rays parallel to the principal axis fall upon the mirror 
as in Fig. 198. 
X^. When the soiu-ce of light is at F. (I. reversed.) 

XX. When the source is at C. 

^". When the source is on the principal axis beyond C. 
>'". When the source is on the principal axis between C and F. 
{IV. reversed.) 
When the source is on the principal axis between F and the 
mirror M. 
^Xl. When the source is a point not on the principal axis. 

XXI. When the source of light is not a point, but a body of very 

sensible size, and not at so great a distance as to send to the 
mirror from each point of its surface sensibly parallel rays. 

\Vith a point as the source of light, let the pupil construct dia- 
^^^ms representing cases II. to VII. inclusive. Represent in each 
^^Se three rays of light coming from the point, and reflected by the 
Mirror. Apply carefully the Law of Reflection, guiding the reflected 
^y in each case by a dotted perpendicular. Do not curve the line 
^^Presenting the mirror too sharply, but give your arc a radius about 
*^Ur times as long as itself. Mark carefully C and F upon the princi- 
l^^l axis before drawing the rays of light. 
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Exp. 248* — Mount a small li^^xted candle JMptm. im inverted 
diih, and place the whole as the object, AK, Tig. lift«, in fixntof i 




o()ncftv« mirror beyond its center of dnrature. Look apj 
iimtoly along the principal axis towards the mirror and observe 
lintiK*^ n'A\ [Case VIII.] 

{ft) M()V() the candle nearer between Cand F, and standing bad] 
fHi'tluM' find an enlarged inverted image ont where the object 
Utifuri). Thotie images are more distinct, if the room is darkened. 

Ooneavo mirrors may form real and inverted images 
of ohjeotH, The two points in front of a concave mirror | 
()(5t3U[)iod rtjspectively by an object and its real image are 
callod conjuijate foci. Each is a conjugate focus with 
mfnioiu'o to tho other. If the object is placed at either 
of thn conjugato foci, the real and inverted image ap- 
pnars at the other focus. If the object is at the farther 
focus tho imago is minified, if at the nearer focus the 
imiigt) is magiiilied. 

Two points will locate the image. Therefore, to construct the 

Kroin two points, for example, A and B^ Fig. 199, at or near the 
extromitioH of tiio oliject draw lines / and 2 representing rays pass- 
ing tlirougli the center of curvature. These rays, of course, will be 
nWlju^ttul straight backwanl from the mirror through C The images 
of tlit^Ho ])oints will, therefore, lie in these lines respectively. Again 
tlraw from tho same points rays S and 4 parallel to the principal 
axis. 'i'hoHo rays will be reflected through the principal focus F, 
Drawing those reflected lines we locate the two points of the image, 
at th(»ir rospectivo intersections with the two former lines. The 
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may now be drawn to the proper scale in the proper place. 

ray of light from A that strikes the mirror will be reflected 

ugh A^. From A\ therefore, rays will enter the eye of the ob- 

er as though they originated at A\ Of com-se the observer must 

A farther from the mirror than A\ and at not too great a dis- 

ce from the principal axis to see the image directly. All real 

s may be thrown upon a screen. Draw the construction lines, 

locate properly the image formed by (b) of Exp. 248. Any 

ined body, as a bouquet of flowers, may be used for an object. 

Exp. 249. Hold a concave mirror near the face, and observe the 
e formed by the mirror. 

(&) Hold any small object near and in front of the mirror. 

-^ Concave mirrora form virtual^ erect^ and magnified 
^Ronages of objects placed between the principal focus 
d the mirror. 

In explanation of Exp. 249, let A, Fig. 200, be a point upon 
forehead, and B a point upon the chin, and E the eye. The 





Fig. 200. B' 

point A* in the enlarged virtual image is located by the intersection 
of the line of sight (prolonged behind the mirror), with the pro- 
longed radius drawn from C through A, The point of incidence / 
must be so located that the angle of incidence shall equal the angle 
of reflection. In like manner the point B is located at B\ 

Exp. 250. — In a darkened room reflect from a convex mirror two 
parallel rays of light. Draw a diagram showing from what point 
the reflected rays would seem to come should they enter an eye 
whose pupil was large enough to receive them both. 

(6) Look into a convex mirror. 
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The focus of a convex mirror is virtual, therefore 
it can form no real images. The images formed by 
convex mirrors are always virtual^ erect^ and minified, j 
Fig. 200 revei*sed will explain (6) of the experiment. 

Parabolic mirrors of whatever size reflect all rays parallel to the 
principal axis to the principal focus. Rays originating at the focus 
are reflected parallel to the axis. Parabolic mirrors are therefore 
used to *' throw the light along the track" from the headlight of the 
engine. The light is placed at the focus. Distorted mirrors, as pol- 
ished bowls of spoons, produce distorted images. For the subject of 
Total Reflection see, imder Refraction, the " Critical Angle." [See 
Mirrors, Caustic, Aberration, Sextant, in larger works and in the 
cyclopedia.] 

REFRACTION. 

Exp. 2.51. — Procure an elongated dish, such as is shown in Fig. 

201. A wooden tank with one glass side, and the opposite side 

painted black answers best. 
A Let a ray (or beam) of light 
from the sun or from a candle 
shine over the edge, passing 
along the line A IB, Fill the 
tank with clear water, and ob- 
serve that the ray now takes 
the broken line AIC nearer the 
perpendicular PI. 
(h) Place a coin A^ Fig. 202, at the bottom of the tank, so that the 

ray of light which reveals the nearest point takes the direction 

A IE to the eye at E. Lower the eye towards E^ till the coin is out 

of sight, and fill the tank carefully 

with water, not moving the coin 

nor the position of the eye at E\ 

The whole of the coin becomes 

visible again as though it were now 

at A\ The line of light from A 

now passes over the broken line 

AIE\ bending as it emerges at 

I from the perpendicular PI. 

Notice that in each case the perpendicular is drawn in the advancei 

medium. 




Fig. 201. 
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; a beam of sunshine into the water perpendicular to its 
;s the ray bend any as it enters the water ? [Physicists 
;ht travels less rapidly in water than in air.] 

iefraction. Passing obliquely from a medium 
jht travels more rapidly into one in ivhich light 
rapidly^ a ray is bent towards the perpendicur 
assing obliquely from a medium in which light 
rapidly into one in which light travels more 
z ray is bent from the perpendicular, 

— To find the amount of refraction. Prepare a tank 

I in the last experiment, except let the inside dimen- 
t 4 dcm. high, 4 dcm. wide, and 4 cm. from the front 
ss to the rear and dark side. The tank may be sawn 
e plank, the back painted dark, and the whole made 
jr means of white lead upon which the glass is buttoned 
ft wooden buttons screwed to the plank. Side pieces 
led to the plank to prevent its warping. Glue upon the 
a square piece of stiff paper as large as the front of 
th a graduated circle, as shown in Fig. 203. Cut out 
ore glueing upon the 
o graduated quarters, 
egrees marked outside. 
3 joining the points 
e horizontal, when the 
I. Fill the tank with 
sactly to this horizon- 
X dark room reflect by 
i mirror clamped to a 
El ray (beam) of light 
•y the porte lumiere), 

II strike the surface of 
iquely and precisely at 

Examine carefully 
he ray AIC, noting the 

and C. AID is caMed „, ^^^ 

incidence and CIE the 
iction. The extended perpendicular DE is called the 
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normal. Measure the line DA drawn at right angles to the normal in 
millimeters. This line is the sine of the angle of incidence. Mett- 
ure CK the sine of the angle of refraction. Divide LA by CE. 

The index of refraction is the ratio of the sine of the 
angle of incidence to the sine of the angle of refraction. 
This is constant for any two substances, whatever be 
the angle of incidence. The index of refraction for air 
into water is about as 4 : 3, or, expressing the ratio by 
the quotient, as we express specific gravity, 1.33 -|-. 
The index for air into the following is approximately: 
crown glass, 1.5 ; flint glass, 1.6 ; diamond, 2.5. 

If the ray passes from water into air, of course the index is « 
3:4, or i. The pupil will notice that the refracted ray is spread out 
and slightly colored. Rays giving the sensation of violet color ai« 
refracted (bent) most, and the "red rays **■ least. Accurately, the 
index must be given for a ray of definite color, as, for instance, a 
ray which forms some definite line of the spectrum. An index given 
for a line near the center of the spectrum is often called a mco» 
index. The absolute index of refraction is the index for the ray 
passing obliquely from a vacuum into the substance, and differs only 
slightly from the index when the ray passes from air into the sub- 
stance. From a table of absolute indices we may find the relative 
index for any two substances (the ray passing from the less refractive 
into the more refractive) by dividing the larger absolute index by 
the smaller. [Appendix Section XII.] 

Ex p. 253. — Hold a glass prism with its refracting angle, A, Fig. 
204, downward. With the eye at E look obliquely through the side 

and see some object above at 0, 
apparently located at (/. [We will 
study the coloring of the image later 
under Dispersion. Consider refrac- 
tion only at present. ] Explain, using 
the Law of Refraction, why the 
image is seen at (/. The difference 
Pigr. 204. jjj direction between O T and I'E. 

is called the Angle of Deviation. 

Did the triangle represent a triangular swamp, or rough piece 
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ground difficult to march over, were ii L an army marching in the 

ection indicated, would the army be marching in the same direc- 

n on emerging from the swamp, if both the right (U) and the left 

) wings, composed of equally good troops, marched as well as they 

old? 

Light travels less rapidly in glass than in air, and for this reason 

e ray is bent. Were a boy to run 

Etgainst time ^' across a rectangular field 

om 4 to jB, Fig. 205, one half of which 

5ld is plowed ground difficult to run 

CK)n, would he run straight along the 

iagonal ABf Why not ? Would the 

foken line along which he runs be ma- 

Jrially different if he runs from B to Af 




Figr. 206. 



A ray of light passing between two points takes a 
ourse over which it can travel in the shortest possible 
me, and with the least expenditure of energy. For 
lis reason, whenever the ray passes obliquely into any 
:her medium in which it travels more or less rapidly, 
changes the direction of its course. 

Exp. 254. — Place a fine wire, A B, Fig. 206, behind a piece of 

188, and look at it obliquely through the glass. 

Draw a section showing the path of a single ray 

it comes from some point, A, Fig. 207, on the 

re through the glass to the eye at some point, 
Locate the point as seen by the eye at some 

int. A' (not shown in the cut). **Dot" and 

ter the guiding x)erpendiculars, remembering that 

they are drawn in the advanced medium. Apply care- 
fully the Law of Refraction, calling the index for 
plate glass j, and guessing as nearly as you can at the 

jt amount of bending. 




Figr. 206. 



Ifir- 207. 



Objects looked at obliquely through a 
plate with parallel faces suffer a slight " lat- 
al displacement." The emerging ray passing obliquely 
rough such a plate is parallel to the incident portion. 
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Having the index of refraction, we may accnratdy tace i nyo^ 
light obliquely through any medium of whatever shape by remeDr 




Fig. 208. 

boring tlie relationship of similar parts of similar triangles. W 
Fi^. 20S n'pn»s<mt a crown glass prism, whose index of refraction w 
j! (in air), 'i'o find liow much the ray is bent at / and /' we proceed 
ttH follows: — 

Draw in the advanced medium a dotted line representing the patk 
of the ray if it were not bent. Lay off upon this two radii in pro- 
portion as indicated by the index of refraction. With these radii 
Htriko from / as a center the two parallel arcs toward the perpea- 
dicular (as the ray bemls). Draw the guiding i)arallel I from the end 
of tho shorter radius, and draw //'for the true path of the ray. 
Aj^aln, let a dotted line straight onward from /' represent the rayi^ 
it won^ not bent at /'. Lay off upon it two radii as before in pro- 
l)()rt ion, but not necessarily of the same absolute length as before. 
Dniw the arcs, but this time from the perpendicular (as the ray 
l)on(ls). Draw the second guiding parallel, I f, and draw I' B for the 
true path of the emerging ray. If the section of the more refracting 
medium is too small, the guiding parallel I may be drawn between 
arcs outside on the othor side of the normal. Beginners will do well 
to think of " the normal " as extending on both sides of the incident 
surface, and of '*tlie perpendicular" as extending only on one side 
sind forming one-half of the normal. 

Exp. 255. —Fill the tank of Fig. 202 
completely full Of water. Suspend a small 
white pebble by a fine thread, S, Fig. 209, 
waxed to it. Let the pebble hang just be- 
low the surface, as far from the glass side 
G as possible. Remember that the pebble 
Fig. 209. is seen because of rays of light coming from 
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Figr. 210. 



^ and entering the eye. Look at the pebble more and more obli<iue- 
ly, as shown by i)Ositions for the eye, 1, 2, 3, etc. A small incan- 
descent light may take the place of the pebble to emphasize the 
teaching of this exi)erlment. 

fig. 210 should be thoroughly studied in connection with this last 

^xx>eriment. Let the tank be 

i^alf closed by the cover JST/, the 

other half of the water surface 

^ing open. Let a source of light 

^ placed at X, X', etc., succes- 
sively. At some point, F^ the 
*iigle of refraction for the ray 
Incident at / will be 90°; viz., 
•4/2), for the incident angle 
^IX, emphasized by the triple 
carve. If the source of light be 
now placed anywhere in the "comer," that is, in the wedge FIX, 
as at JJ, the light cannot emerge from the more refractive medium, 
but is "totally reflected" internally, as shown by IE. The angle of 
incidence HI Lis equal to the angle of reflection LIE. 

The critical angle is the incident angle in the more 
refractive medium^ whose angle of refraction is 90°. 

Total reflection takes place whenever a ray is inci- 
dent in the more refractive medium at an angle greater 
than the critical angle. 

The critical angle for water and air is about 48°, and for glass and 
air about 38° for flint, to 41° for crown or plate. A ray may be turned 
at right angles, not only by a mirror at an 
angle of 45°, but by taking advantage of the 
principle of total reflection. Fig. 211 repre- 
sents an isosceles prism, the rays striking the 
internal surface at an angle greater than the 
critical angle for glass. The rays passing 
normally into and normally out of the prism 
are not refracted. There is always some in- 
ternal reflection, even when the critical angle has not been reached. 
The reflection called " total " is not absolutely perfect, but there is 
a very slight diffusion and loss of energy. 




Fig. 211. 
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Examples of " total reflection " may be seen by raising a nmdJtt 
nt;arly full of water above the eye, and placing in the water a spaa 
or empty test tul>e. The totally reflected light gives the test tube i 
burnished metallic appearance. 

Tlie most commoH forms of lenses are (1) double 
convex, (2) plaiio-convex, (3) double concave, and (4) . 
plano-concave. These are sufficiently described by sec- 
tion in Fig. 212, The line A B\^ the principal mt of 
each lens shown. 




12 3 + 

Fiff. at2. 

Note. — In this book, by convex and concave lenses will be mrart 

spherically convex and concave. By double will be meant symiwl- 

rically double, ami, unless otherwise mentioned, alt lenses *ill I* 

considered as iniuieraed in air, and not In any other medium. 

Exp. 258. — Hold a double convex lens in the direct sunBllne, so 




Fig. 213. 
that the rays of light may tall upon it parallel to the principal »>!'■ 
Observe, by means of the dust, beaten from some dusty object, tin' 
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the rays are converged approximately to a point F^ Fig. 213. This 
experiment is mucli more emphatic, if a beam of light, covering the 
whole side of the lens, is thrown into a dark room by the porte 
lumiere (Fig. 195), and converged by the lens. 

(6) Hold the head of a match at J^, using the lens for a " burning 
glass." "Heat rays " as well as '* light rays" may be refracted to a 
focus. [Exp. 148 and comments.] 

Rays of light parallel to the principal axis of a con- 
vex lens are converged approximately to a point upon 
that axis on the other side of the lens called the prin- 
cipal focus, and, convei*sely, i*ays originating at the focus 
are parallel after passing through the lens. 

The point C at the center of the lens is called the optical center. 

Any other line than the principal axis passing through C is called a 

secondary axis. Rays of light on secondary axes are not changed in 

direction, but suffer a slight lateral displacement like the ray in 

^'g- 207. In piano lenses the optical center lies at the intersection 

of the principal axis with the curved surface. The distance DF is 

^^Hed the focal length. What is the focal length of your lens ? In 

* plano-convex or plano-concave lens, the principal axis is the 

'formal to the plane surface which passes through the center of 

^^vature. All " guiding perpendiculars " from the curved surface 

of the lens are to be drawn towards or from the center of curvature, 

*^d therefore form part of the radius of curvature, or part of this 

'^dius extended. When the index of refraction is i the focal length 

^f the double convex lens is equal to the radius of curvature, and 

^hat of the plano-convex lens is twice the radius of curvature. 

Construct a plot on a large scale and prove this last statement. 

^he same is respectively true of the double concave lens and the 

plano-concave lens, except the foci of these are virtual, not real. 

Exp. 257. — Slightly darken the room by drawing all the curtains 
^Ut one, and draw that one half way down. Hold a double convex 
l^Us in front of the blackboard opposite this window, and obtain a 
^lUall, inverted, real image. 

(b) Fasten the lens in front of the camera. Fig. 193 (or use a 
^^gular photographer's camera), and, adjusting the screen I, by 
laioving it nearer- or farther from the lens, obtain an image of 
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some illumined body. Fig. 214 represents object AB and image 




FifiT. 214. 

(c) Obtain or construct a small " magic lantern," and throw an 
enlarged image upon a screen (sheet, or white wall) in a dark room. 
Examine carefully the arrangement of lenses, or if you construct, 
arrange as shown in Fig. 215. The light L is often placed at the 



M 




Figr. 215. 

focus of the lens C. Why ? The nearly transparent object AB^' 
comes the enlarged, inverted image B'A\ 3f is a reflector places* 
nearer L than its focal length. The lens C is often made of two 
plano-convex lenses with the planes external. Why ? [See Exp- 
244, (h).] 

• 

Convex lenses, like concave mirrors, have two conj^i' 
gate foci, one on each side of the lens. If the object 
is placed in one focus a real and inverted image appears 
in the other focus. If the object is placed in the 
further focus the lens minifies. The ordinary photog- 
niphcr always produces a minified image in the nearer 
focus, the object being in the farther. If the object is 
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placed in the nearer focus the lens magnifies. In this 
^^e, the object, unless self-luminous, must be strongly 
illuminated to furnish light sufficient to make the image 
distinctly visible. The showman with his "lantern" 
^Ixvays produces a magnified image of an illumined 
object. The lens of Fig. 214 minifies. Lens D of 
*^ig. 215 magnifies. Object and image may he of the 
Same size. This is the case when both are at double 
the focal length. 

Exp. 258. — Obtain the eye of an ox from the butcher. Opposite 
the pupil cut away carefully with a very sharp knife the sclerotic 
^Hiat, and hold the eye up to the window opposite some sunlit ob- 
ject. A real, inverted, and minified image appears on the retina. 

The Haman Eye is mechanically a camera. Light passing 
through the crystalline lens forms a real, inverted, and minitied 
image upon the retina. In far-sightedness this retinal screen is too 
Xiear the lens (conjugate focus too far off) for the curvature, or in 
other words, the lens is "too flat " for the retinal distance. In near- 
sightedness the retina is too far away (focus too near), or in otlier 
'Words, the lens is too convex. In each case a blurred image is 
formed. [See cuts of the eye in Physiologies.] 

Exp. 259. — Place a small object, as an insect, upon white paper 
in a strong light, and examine with a double convex lens held 




Figr- 216. 

nearer to the object than the focal length of the lens. Fig. 210 
explains the action of the lens. The guiding line whose intersec- 
tion with the "line of sight" locates the imago is drawn from the 
optical center C through A and B respectively. 
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Convex lenses form erect, virtual, and magnified 
images of objects placed nearer than the focal length. 
When used for this purpose they are called magnifying 
glasses or simple microscopes. 

Exp. 200. — Mount a large double convex lens in the sunshine, 
and lay a graduated rod along parallel with the principal axis. 
With first a solid black disk of paper, covering all the lens except 
its edges, observe carefully the focus. Afterward with an annular 
piece cover the edges, leaving a portion at the center uncovered. 
Observe the focus. Is It nearer or farther away than before ? 

Spherical Aberration is caused by the fact that rays 
passing through the edges of the lens are brought to a 
focus nearer the lens than those which pass through 
near the center. This causes an indistinctness of out- 
line in the image. Spherical aberration is overcome in 
one of two ways : — 

1. By covering the edge of the lens with an opaque 
diaphragm. 

2. By regularly lessening the curvature of the knSi 
that is, by giving the curved surface of the lens a 
continuously lengthening radius from the center out- 
ward. 

Because he can get sufficient light through the center, and be- 
cause it is much cheaper, the photographer usually takes the firs^ 
method. The astronomer, because he needs all the light he can ge^i 
takes the second and expensive method. 

Exp. 261. — Hold a double concave lens in the parallel rays of ^^^ 
sun reflected into the dark room by the porte lumiere. Observe tue 
transmitted rays. They emerge as though they came from soffit 
point F, Fig. 217, which is called the focus. 

(b) Look at a small and near object through a double conca^® 
lens. 
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The focus of eoncaye lenses is virtual, and therefore 
they cannot form real images. The images formed by 
concave lenses are always virtual, erect, and minified. 




PifiT. 217. 

Construct the virtual image for the object A'B' as seen by the 
eye E through the concave lens. Use a reverse process from that 
shown in Fig. 216, obtaining the virtual image at A B. 

The general effect of convex lenses is to converge rays, and of 
concave lenses to diverge rays. Convex lenses are very similar in 
effect to concave mirrors, and concave lenses to convex mirrors. 

DISPERSION. 

Exp. 261. — Into a room darkened as much as possible, through 
* long and narrow slit, introduce by the porte lumiere a bright 
^Unbeam. Place a prism in its path with the refracting angle 
downward, Fig. 218, and receive the refracted rays upon a white 
^reen. 

Defining with respect to sensation, Dispersion is the 
Reparation of light into its various colors by the action 
of differential refraction. The colored band produced 
ty the refraction of sunlight is called the Solar 
i^pectnim. 

The rays producing the sensations of difiFerent colors have varying 
l^frangibilities. The time-honored list from the most refrangible to 
the least refrangible rays, comprising white light, is: violet, indigo, 
blue, green, yellow, orange, red. The order may be remembered by 
the meaningless word, formed from the initials, vibgyor. For several 
reasons there is some overlapping of the colors. 
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Kxi*. 202. — Adjust a delicate thermometer below the red nys of 
tht' 8iH»ctrum, in the dark, as at H, Fig. 218. Place a strip of 
** silvered '' imper (obtained from some photographer, or made by 
dip]>iiiK white paper into silver nitrate solution, and drying in the 
ilark) al)ove the violet in the dark, as shown at C. Let this paper 
Ih» ex]>08ed only in spots, being covered elsewhere by black paper. 
The inen»ury rises, and the ** silvered " paper above the spectrum 
turns much darker than at the other end. 




SIDE VIEW. 




FRONT VIEW. 



Fig. 218. 



Radiant energy manifests itself in producing directly 
heat, light, or chemical action. Radiant energy trans- 
mitted directly from the sun produces these three 
effects simultaneously, by an intermingling of rays hav- 
ing different rapidity of segment vibmtions, that is, dii- 
ferent wave-frequencies, [See the first note in this chap- 
ter.] We may make three rough divisions of solar 
rays. Rays having comparatively high wave-frequen- 
cies do not reveal themselves to the eye as light, but are 
very active in producing chemical action. Such rays 
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are refracted most. Rays having comparatively low 
wave-frequencies do not reveal themselves to the eye iis 
light, but are made sensible by the heat which they 
produce. Such rays are refracted least. Rays of 
medium wave-frequency produce the sensation of liglit. 
Violet rays have a higher wave-frequency than red rays, 
and are therefore . refracted more. [See pitch under 
Sound.] 

In a loose and often very convenient sense we may say that we 
receive three kinds of solar rays intermingled; viz., " heat rays " (H 
dottedline, Fig. 218 front view), " light rays" (L), and chemical or 
»^| actinic rays (C). The pupil will now understand that even of " light 
^ys" there are not just 8ecen kinds (or colors), but a continuous 
series of different degrees of refrangibility. To be strictly accurate, 
*^e index of refraction of any substance must be given for some 
Particular ray or line of the spectrum. [Appendix, Section XII.] 

Dispersion is the separation of rays of radiant en- 
®^gry having different wave-frequencies by means of 
^fi*action. 

^xp. 263. — Look through the prism backward at the slit from a 
^^tstnee of two or three feet. You see a virtual spectrum in a direc- 
*^*X from the slit equal to the angle of deviation for the prism 
<^i^. 204). 

^xp, 264. — Reverse another prism, and, placing the two side by 
®^^e, allow the light from a small slit to pass through both prisms, 
■^e white light separated by the first prism into colors appears again 
^Pon the screen. 

(6) Place the prism quite near the slit, and let the beam pass 
borough the prism and a double convex lens in such a way that the 
Prism and the screen are at the conjugate foci of the lens. The 
^Pot upon the screen is white, at least at the center. 






We may prove the composition of white lijrlit hy 
synthesis as well as by analysis. 
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If we wish to obtain a pure spectrum^ that is, cme withont the 
ovc^rlapping of rays of different refrangibility, we must place a lens 
in Huch a |)08ition as to form an accurate image of the slit upon a 
Hcn»on. Place the prism between the lens and screen, very nearibe 
lenH, and receive the spectrum upon a second screen, at the same 
distance from the prism as the first. If this is carefuUy done, a Tery 
beautiful spectrum without overlapping of colors is obtained. 

Kxp. 265. — Secure the help of an assistant. Adjust very care- 
fully a j^ood laboratory spectroscope provided with a scale. [These 
cost '^\\7) to $40.] Obtain the pure spectrum which it casts horizon- 
UiUy wh(>n a small electric arc light shines into the adjustable slit. 
Notice that the spectrum is continuous. 

{h) Dissolve some common salt in a little water slightly acidulated 
with hydrochloric acid. Dip a loop of platinum wire, fused into a j 
glass handle, into the solution, and hold it against the lower part of ; 
a Hunsen's or alcohol flame set precisely in front of the slit. The . 
body of the spectrum is dark, but it is crossed by a brilliant yellow 
line (double), called the ** sodium " line. Why so called ? 

(r) ('an^fully adjust the instrument so that the sodium line shall 
coino precisely at 60 upon the scale. Reduce the size of the alcohol 
flamo. Behind the flame precisely on a level with the slit, set the 
Hinall arc llKbt, «o that, when it is shining, it may shine through the 
alcohol lljiinc into the slit. Let your assistant cause the white light 
of th(» arc lamp to shine through the slit, while the common salt 
solution is being volatilized in the flame. At the same time search 
for the sodium line at 60. Instead of the bright line, you find a 
dark line precisely at 50, the rest of the spectrum being bright with 
the ordinary colors so far as you will probably observe. 

(f/) With a mirror throw sunlight into the slit, and observe that 
the spectrum is luminous for the most part, but is crossed by dark 
li}t('s. [Appendix 1., 17 and Frontispiece.] 

The spectroscope is an instrument for studying the spectra pro- 
duced by light coming from various sources. 
Si)ectra are of three kinds: — 

I. Continuous Spectra produced by light coming from incandes- 
cent (white-hot) solids, liquids, or condensed gases (vapors 
or volatilized material). 

II. Bright line Spectra produced by incandescent rarefied gases. 
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HL Absorption Spectra, like the first, except crossed by dark lines. 
These are produced by light of the first kind shining through 
substances of the second kind. Gases and vapors absorb 
rays of the same kind as they emit. 

The solar spectrum is of this third kind, as is also the spectra of 
lie fixed stars. This shows that these bodies are alike in certain 
»sential respects; viz., they have a white-hot dense interior shining 
»ut through a rarefied gaseous atmosphere, just as the white-hot 
^articles of the electric light shone through the volatilized sodium 
chloride (salt). The dark lines upon the spectrum are called Fraun- 
MSbi^ lines. They are relatively dark, not absolutely. Like the 
smi spots, they are dark only by contrast. If a star is approaching 
OS, the dark lines, as shown by the scale, are all displaced slightly 
Unrards the violet end of the spectrum; and, if the star is receding, 
tlie dark lines are displaced or shifted towards the red end. An 
expensive spectroscope with greatly enlarged spectrum is necessary 
to show this well. 

Exp. 266. — Volatilize, as in Exp. 265 (6), acidulated solutions of 
•alts of strontium, barium, and calcium resi)ectively. Carefully map 
«sch spectrum upon a scale, graduated precisely like the scale of 
lour instrument. 

The spectroscope is an instrument very useful to the analytical 
demist, as well as to the astronomer and physicist. By it the physi- 
cian may tell abnormal from normal secretions. The metallurgist 
and others in "the arts" find profitable use for it. [See Diffrac- 
tion.] 

Exp. 267. — Receive upon a double convex lens, held close to the 
porte lumiere and in a dark room, a round beam of light covering 
half the area of the lens. 

Hold a piece of annealed ^V 

ground glass or other similar 
object, first slightly nearer 
and then slightly farther off 
than its mean focus. Ob- 
serve the coloration as rep- 
resented with the separation 
of color exaggerated in Fig. 
219. 




Figr- 219. 



242 ELEMENTS OF PHYSICS. 

(liromatic Aberration is a defect in a lens b; 
it brings mys of diffeient colors to different foci. 
K»ch color forms iU own imKge of the object &t Ita on 
Tlii'M iroprrfrctly blended ima|;eg form one blurred and 
hnafie very annoying to one wiehlng to make careful obse 
For a long time this was supposed to be an irremediable i 
lenti-s. It was siiptiosed to be iniposaible to secure refract! 
nut dispersion. The dispersive power of a flint-glass prism 
the total length of Its spectrum, is about 
great as that of a similar crown-glass pri 
average retracting power, that is, the ang 
vialion for the center ot its spectrum, Is ju 
the same as that of crown glass. By com 
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Fig. 



lens of flint glass, as shown 
plano-coacave lens neutralizes all of 
of Hie crown gltaa, and only one-half o 
fraction. 

A compound lens which secures 
tion without disi>ersion is called an 
matir lens. Such lenses are used in the best teli 
and I 



Fig- aao. 



rOriCi">|ics. 




Fig. 331. 
L compoiiiiil niiiTosi'opc. The object 
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aced in the nearer conjugate focus of the object glass (objective), 
id the real magnified and inverted image appears in the farther 
►cus at A' B\ This image is magnified by the lens C of the eye- 
lece, forming a virtual and erect image at A" B'\ as seen by the 
^e at E, Figs. 214 and 216 combined will help explain, in connec- 
on with the text, the compound microscope. 

Fig. 222 shows the telescope ; the object A B being placed in the 
irther focus of the object glass, and the real minified and inverted 



B 




inage appearing in the nearer focus at A' B\ This is magnified by 
^e eye-piece, forming a virtual image at A'' B". The object glass 
serves the purpose of collecting light. All the magnifying is done by 
the eye-piece. The microscope and telescope are very similar, as will 
^ seen from the cuts. For the purpose of simplicity the lenses are 
^ot shown as achromatic. On terrestrial telescopes^ or spy-glasses^ 
additional lenses are used to reinvert the real image. A telescope is 
easily made by mounting the lenses as shown in the figure, only in 
» long blackened tube. The object glass should have a long focal 
distance, from four to six feet. [For the opera-glass, stereoscope, 
*^M see larger text books.] 

Kxp. 268. — Fill a round-bottomed flask with clear water. Close 
"ie curtain, shutting out nearly all of the sunshine. Place against 
the wall, just under the window, a piece of white paper, and, holding 
the flask in the streak of sunshine entering beneath the curtain, 
<>Dserve the " rainbow " upon the paper. 

The rainbow is a solar spectrum formed by drops of water. Often 
there are two bows. The inner, being usually brighter, is called the 
Iriniary Bow, and the outer is called the Secondary Bow. 
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In tbe PrlDUiry Bow there is oq« KflecttoD (iDUnutl) onlf, bal In 
the beconduy Bow there are two, aa shown In Fig. i'iS. Tbit 




li for its faintness. The sun must be behind the obterv'^ '" 
the opposite part of the heavens from the rarndrops. 

COLOR. 

NoTK. — Color in light is analogous to pitch in sound. [^^ 
ritch.] 

Exp. 209. — In n rtarlt room project the solar spectrnm upon* 
si^reen. Along Ihis s[>ertruni, in the various colors, hold bits oi 
colorod papiT. Observe also the color of white and of black p»I*'- 
Ked is red only in the red light, etc. 

Tlie Color tif a body does not reside in the bodj 
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but given white light falling upon a body, its 
IS seen by the reflected light, depends upon the 
ire absorption of the body. If, for instance, it 
I all or nearly all of the other colors, and reflects 
greater proportion than any of the other colors, 
)r will be some shade of red. If it reflects green 
.ter proportion than the other colors, its color will 
le shade of green. If the body reflects much 
nd absorbs little, reflecting the colors in like pro- 
is, the "color" is white. If the body reflects 
ight and absorbs much, absorbing the colors in 
oportions, the '^ color " is black. Of course white 
ack are not strictly colors, but in a general and 
snse we call them such. 

270. — Hold up a small piece of gold leaf, and look through 
J sun. It no longer looks yellow, but has a distinctly blue 

. solution of fluorescene with a black pai)er behind it, is 
en; but held so that strong light shines through it to the 
ecomes a decided yellow. 

es seen by transmitted light often have an en- 
lifferent color from that which they exhibit when 
T reflected light. 

in of the colored rays are absorbed as they pass into the 
e, the others emerging and giving color to the substance, 
rent bodies are colorless, if they absorb the colors in like 
3ns, otherwise they have the color due to the combination of 
ch they transmit. Colorless transparent substances pulver- 
)me white, and colored transparent or semi-transparent sub- 
become lighter when pulverized. With the diffused light 
from pulverized bodies, come rays transmitted through the 
yers of the particles. 
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Exp. 271. —Mount a disk of "half-inch" board so that it may 
be whirled by means of a grooved pulley drawn by a grooved wheel. 

Place bright-colored paper about 
the marginal space as shown in 
Fig. 224. Place a dull white 
piece at the center. Whirl rap- 
idly. The colors blend into 
white (or gray which is white of 
a low degree of luminosity). 

(b) Place red, green, and vio- 
let pieces, covering with each one- 
third of the margin, and whirl 
again. White is produced. By 
varying the proportion of each, 
any given color of the spectrum 
may be produced. 

(c) Take any two colors stand- 
ing opposite in Fig. 224, and covering half of the margin with each, 
whirl very rapidly. White results as before. 




Fig. 224 



.oW* 



Complementary Colors are any two colors which will 
produce white light on mixing. Any two opposite 
colors in Fig. 224 are complementary. This method of 
'' mixing coloi-s '' depends upon the well-known fact 
that the sensation lingers for a very short time after the 
cause producing it has ceased acting. [See thauma- 
trope, etc., in cyclopedia.] Red, green, and violet are 
called Primary Colors, because they may not only form 
white light, but, by var3dng the proportions of each, 
they will produce any color of the spectrum. 

Two complementary colors placed near together 
heightei'i the effect by contrast, while non-complement- 
ary colors eacli lessen the effect produced by the other. 



Exp. 272. — Place in succession highly-colored circles of paper 
upon a background of white paper, and, holding in a strong ligW> 
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look at the cirrles steadOr for m famtf-siniiie. Bpidot^ the coloml 
paper quickly, and observe thil tbe ooHi}<«emexiiAri ooili.ir is in each 
case seen. 

The sensitiveness of ihe i^tiiia for any griren cJor 
rapidly decreases n-iili the lapse of lime. WTien white 
light falls upon any p^*rcion of the retina, that has 
just been acted npon by any given color, the sensitive- 
ness for this color having been blunted, the comple- 
ment of the color is seen. 

Some eyes are abnonnal in this rg' s pegt, that they have little or no 
sensitlTeness for certain eolors. Usually the Mensation of red is 
Wking in such eyesL This defect Is caDed c#l«r UiBiwm. '.v^ 
^r. Thomas Tonng^s Theory, Visoo in Physioiagiea. and Le Conte 

on Sight,] 

£xp. 273. — Draw a cross on the l^ackbcard. cme line with yellow 
'}ia.Ik and the other with blue ctiaik. OtH^trre that at the crossing 
he chalk is green. 

The mixture of two colored pi^jm^^'^ts often gives a 
"^ly different color frum the mixture of the same col- 
i*«d licrhts. 

If we mix yellow light and bloe lisj^it (Fig. T14). we get white. 
^t a mixture of yellow pigment and hloe pigment is gre^-n. In the 
^^e of pigments the explanation lies in the differentia! aljsorhtion 
*> J reflection of each pigment. The yellow pigment absorbing the 
^lier colors reflects both gr»*n and yellow, the yellow overpowering 
ti^c green. The blue pigment absorbing the other colors reflects both 
"^een and blue. Viae predominating. The mixture reflects green. 
Vhy? 

Notes. — If through a piece of Icelan I Spar a ray of light is 
Massed by means of the p<w^^ himfer^. two ray*t emerge, one stronger, 
tlie other weaker. If we look throogh the spar at a fi^riod. we see 
t^o periods. This action of some crystaU npon light is called 
BoQble Sefmciioa. 

(6) If we take two plates of a neariy transparent mineral called 
tourmaline, properly cut, and. «eparating them by a short distance, 
rotate one plate parallel to and with its broad face opposite that of 
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ttip otlHT, in two positions, when the lengths of the phUes ire it 
riKlit angles, a ray of light fails to come through the two plates; in 
two (>th(*r i>osition.s (lengths of plates parallel) the ray readily comes 
through l>oth. The ray between the pUtes, that is, after passing 
thn>iigli on<* plate, must 1>e in a peculiar condition different from its 
crondition lM*fon'. Such light is said to be Pohi rlM^ Light* The 
vibrations In two of the four right-angled directions are supposed to 
liavi* l>een 8toppe<l by the tirst plate. If the second plate is so placed 
iut to stop the vibrations in the remaining two directions, the ray is 
(l«*Htroy<Ml. Light may be polarized by reflection as well as by 
triiiiHtiiisHioii. Objects viewed by polarizetl light are often readily 
distinguishiHl, which would be otherwise distinguished with difficulty. 
|S4*e polarization in college text books.] 

(r) Coat with India ink on one side a strip of window-glass, and, 
wh<*ti dr>% nile it finely with a needle. Looking through this glass 
at iin ilhunined slit we see several spectral images of the silL 
TiujK*^ are caused by the interference of the light rays. [See Inter- 
fcrcii(r<; under Soimd.] We may produce a spectrum by reflecting 
light from a finely ruled reflector, having several thousand rulings 
to the inch. Tliis formation of a spectrum by interference of light 
is callcil Iliirraction. A spectroscope producing its spectrum in this 
way i.H called a Diffraction Spectroscope. This spectrum, however, 
difTcrs in .several important respects from that produced by a prism. 

QUESTIONS. 

1. DcHne radiant energy, ray, transparent, diathermanous, 
Hliadow, visual angle, real image, principal focus, conjugate foci, 
critical an^le. 

2. Explain by diagram the shape of the earth's umbra, remember- 
in;{ that the sun has a diameter immensely larger than that of the 
earth. 

o. How (lid Kociuer (liscovcr the velocity of light? 

•1. Two lights, A and 7^, equally illumine a point between them 
ouc-third of the distavt^ from A to B. A isa25-candle power Hg^'^' 
what is the i)ower of li ? 

*>. A r>()O0-caudle power electric light stands 2000 feet from a 1^ 
candle ])ower j^as-jet. At what point between them do they produce 
ecpial illumination ? 

0.' K(»flect (dlaj^ram) three incident rays from a plane mirror* 
{h) From a concave mirror, (c) From a convex mirror. 
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7. Trace a ray of light obliquely through the following, dotting 
he perpendiculars, and exaggerating somewhat the amount of bend- 
ttg: a plano-convex lens, a double convex lens, a plano-concave 
ms, a prism. 

8. Trace a ray of light through a double convex lens (section 
irge) of crown glass, fixing its directions accurately. Use \ as the 
ttdex of refraction. 

9. How would you find the index of refraction for coal oil ? 

10. Why does water " looked at obliquely" seem less deep than it 
eally is ? 

11. If a man looks obliquely into the water at a fish, does he see 
he fish '^ in the right place " ? (b) Does the fish see the man in the 
ight place ? Explain by diagrams. 

12. Explain by diagram an instance of total reflection. 

13. Explain spherical aberration. How is it corrected ? 

14. In what way does the image which the photographer pro- 
laces with his lens differ from that produced by the projecting lens 
t the ** lantern"? 

15. What is chromatic aberration, and how is it corrected ? 

16. In what three ways does radiant energy directly manifest 
;8elf? 

17. What are Fraunhofer's lines ? (b) How do astronomers 
now that a star is moving towards us ? 

18. In what respects does the telescope differ from the compound 
licroscope ? 

19. Select five experiments of this chapter for which the com- 
ments exceed the proof offered by the experiment, (b) Select one 
rhich proves more, or at least suggests more, than is found in the 
omments. 

20. Suggest one experiment of your own originating, which might 
•e substituted for one in this chapter. (6) Suggest one which you 
lave read in some other book. 

21. Under what circumstances might one see a '* rainbow" while 
prinkling the lawn ? (b) What kind of a rainbow would it be pos- 
ible to see from the summit of a high mountain ? 

22. Why is the secondary bow fainter than the primary ? 

23. In a strict sense is white or black a color? Why, or why 
lot? 

24. What are Complementary Colors ? Wliat besides white may 
3e produced by mixing the Primary Colors ? 
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CHAPTER XVII. 
SOUND. 

NotkM. — The word sound, like the word light, is used in two very 
(liHtinct senses; (1) as a cause, in which sense it is equivalent U) 
Hounil-waves, and (2) as an effect or sensation. As a cause, Sound 
nuiy Ih> defined as a vibratory motion capable of afifecting normally 
the auditory nerve. As an effect, Sound is the sensation received 
n(»nually by the auditory nerve. So easily are these two meanings 
of the word distinguished, that writers often use the word sound in 
th«' 8ain(» paragni))h in both senses, (h) That department of physics 
\vlil(*h tHMits of sound when considered separately is called Acoustics* 
((•) With ivferenoe to Sound tlie word elasticity is used strictly in the 
Hcnse of elastic forcc^ and never in the broader and looser sense of 
the jn'opvrti/ of *' returning." The '* return " in volume, form, and 
force even, may be ever so complete, if the force involved in there- 
turn Is Hiujill, tlie elasticity is small, (d) By the vibration of a pen- 
iluhnu is meant a .s/mj>/<' vibration, or a single swing from one end of 
the arc to the other. In sound by a vibration we mean a compM^ 
vll>ratlon, or the motion of the particle in the time comprised be 
twtMMi two successive passages of the particle through the siame point 
in the sanu' tliri»ctlon. 

Kxp. 274. — Hold a lead pencil by one end, and swing the other 
end throuj^h an arc at first slowly and then rapidly, (b) Repeat in 
front of tlie ear. (c) Stretch a violin string or wire taut between 
two screw (»yes. IMuek it strongly with the fingers, and look down 
upon It while it is emitting sound, (d) Strike one prong of the tun- 
ing fork against the table, and while it is emitting sound, touch the 
prong to a card held against it. (c) Strike the fork again with con- 
siderable force against the table, and touch one prong to the surface 
of water. (/) Strike again, and look sharply edgewise at the 
prongs against any convenient background, (y) Bring the proi^S 
while sounding against the tip of the finger or tongue. 
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All Sonnd may be traced to some vibrating body as its 

^ource. This body, or segments of it, must be vibrat- 

^^g with a certain degree of rapidity in order to pro- 

^^ce a disturbance in the conducting medium (usually 

^^^\ capable of affecting the auditory nerve. Bodies 

^^itting sound are called sonorous bodies. 

Exp. 275. — Set one end of a brass or steel rod into a vise, and, 
Pulling it aside, set it free. (6) Rosin a small piece of cloth, and, 
S'asping the rod firmly with the cloth, give a quick rubbing stroke 
downward. Listen for any sounds which it may emit, (c) Suspend 
^€ rod from a vise, and upon the lower end clamp a heavy stick. 
*Vi8t and set free. 

Vibrations in solids may be transverse, longitudinal, 
Or torsional. They may be rapid enough to ])r()duce 
the harmonic motion called sound (sound-waves), or 
slow enough to fall to the grade of harmonic motion 
Represented by the pendulum. 

Exp. 276. — Pluck a stretched string or wire gently, observing 
the width or amplitude of the vibration, and the loudness of the 
Bound. Pluck again vigorously, and observe as before, (h) Divide 
One sheet of paper so as to take one-half and one-quarter of it. 
Orasp by one side, and shake successively the quarter-sheet, the half- 
sheet, and the whole sheet, causing each to ** crackle." Observe 
Which produces the loudest sound, (c) Hold a watch to the ear, 
and observe how rapidly the sound decreases in loudness as it is 
removed. 

The mechanical intensity of sound varies as the 
square of the amplitude of vibration of the sonorous 
body, approximately as the area of the vibrating surface 
in contact with the conducting medium, and inversely 
as the square of the distance from the sonorous body. 
The intensity of sound is greater if the density of the 
gaseous m6dium surrounding the sonorous body is 
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jrreiitcr. One iiiUKt 8(>eak "softly" in a diving-bell, 
iuiil " lotiiler " upon the mountain-top. Loudness of 
sound, or the sensation effect, shows only very ronghl; 
the intensity. 

Kxi'. L>T~. —Prepare a framework about 15 dcm. long and B den. 
IiIk)|i Vig. ■2'iTt. PrefMre three doMD lead bulleu abont 1 cm. Ii 

diameter bj drivii^ 
double-pointed Mia 
into tbem and pR- 
paring very Bhort $- 
shaped hooka U> hug 
them on. Suspend 
each by a doable 
thread falling fr«n 
acrew-eyea, sothatihe 
dUtBDce j1 Is S cm., 
Pl«. 236.' ^^^ j^ distance B 

1 em. Tie the adjacent threads, auspendiug adjacent balla by hori- 
zimiiii Kioiw «, h, ele. (rendered loose by tying into each a kniliiog- 
needle, and aflem-an) wilhdrawing the needle). Slip tliese loopJ 
d<m-ii erenf^ ,■ the neanr they are U> the balls the greater the for" 
wUlih resliita any disturbance of the balls. This force cortespoodi 
eloM-lytoeUistleity, the balls representing molecules. With two "tj 
sleudiT elastics. K li, lie back each side to rods upon which li* 
eluKlics slide, till the pendulum 1' hangs at the center of the A''' 
tied loop im the rlRlil. Ity means of eslra screw-eyes, shown on tie 
front of llie top [uirt of the frame, adjust tbe balls till they are pr*- 
eisi^ly level. lleli)w place a lilnged strip of board about I dcm. «^^ 
for a " iliiinper," wliii-li luay be raised to stop the balls. A narn>*i 
movable, straight-edged strip of hoard resting on supports al 1'" 
different helj^hta, the second about 4 cm. above the first, will a«'^^ 
In fceepin); the loops level in two different positions. Take hold of 
the first nght-haiul loop and suddenly swing it out and buck once ^ 
rigiit angles to the line joiuing the balls. A disturbance similar W 
the Hater wave passes fnmi the right to the left through the app^ 
ratiis. Notice that each ball nioves roii.ijhly at right angles to the 
line of progression of the disturbance, with a slight rotary motlo"' 
' Hodified (mm ipparalua in Stanford UiiiTenliy phytlcal laboratory. 
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Stop the motion with the damper, and repeat, studying the motion 
1^ which represents in most essentials the water wave. 

\ (6) Take hold of the first loop on the right and give it a quick 

motion to the left, and back again. Watch the progression of the 

disturbance through the apparatus. Remembering that the balls 

represent molecules, and the force with which the loops hold them 

in position represents elasticity, repeat. Time by counting the ticks 

of a watch while the disturbance is passing. Take no note of the 

tremulous disturbance passing in advance over the strings, but time 

the disturbance as it passes through the ball, till a quick backward 

inovement takes place in the ball next to the end ball on the left. 

This indicates that the disturbance has crossed, and has just started 

to return. Set down the number of "ticks" to compare with (c) 

and (d), , 

(c) Raise the loops to the second position, as shown by the guid- 
ing strip of board. This decreases the force (elasticity) with which 
tYke balls resist a disturbance. Repeat (6), timing as before. The 
disturbance progresses much more slowly, as shown by the number 
of 'Hicks." [Loops and elastics should be at the same level.] 

(d) Bring the loops to the lower level as at first. Unhook the 
J^ad balls, and hang in place of each as removed a light glass bead 
of the same size. This may be prepared by plugging with cork, and 
inserting a hook made of fine copper wire to hang from the S-shaped 
^ooks. This changes the density of the material through which the 
disturbance is to pass. Press the loops still farther down till the 

strain upon them (elasticity) as shown by the elastics is about as in 

W. Repeat (6). 

The water-wave travels by a series of crests and 
trougJis, Sonnd-waves travel by a series of condensa- 
tions and rarefactions. The molecules of the water over 
which the wave is passing vibrate roughly at right 
angles to the line of progression of the wave. The 
molecules of a substance, solid, liquid, or gas, through 
which a sound-wave is passing, vibrate parallel to the 
line of progression of the wave. 

Other conditions remaining the same, Sound travels 
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more rapidly as the medium through which it travels 
becomes more elastic or les3 dense. Physicists hiTe 
demonstrated that the velocity of the sound varies ax 
the square root of the elasticity and inversely as the 
square root of the density of the transmitting medium. 

In Fig. 226 is represented graphicallj the action upon tlie mole- 
cules of the air (or other mecliiun}, as a soimd-wave passes out from 




Fi? aae 



la body S The iibratmg body strikes the air producing 
a condensation and then immediately rebounds producing a rare- 
faction The closer parallel curies show the condensation and the 
parallel curies farther apart the rarefaction The law of intensity 
is easily seen from the cut. The surface layer only of the sphere 
strikes the drum of the ear E, and the surface of spheres are to each 
other as the squares of their radii. " Speaking-tubes " prevent the 
wave from expanding, and therefore the energy involved, being ex- 
erted in the forward direction only, propagates the disturbance with 
much less loss of intensity. A stick of Umber or rod of metal 
operates like a speaking-tube, a scratch or blow upon it at one end 
being heard very distinctly at the other end. 

Exp. 278. — Find the velocity of sound In air. Prepare a seconds' 
pendulum. On some morning when there is no perceptible wind, 
take a station with hammer and an " anvil " of some sort. Attach 
to the hammer a white object, as a large card, and secure a proper 
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background, that an assistant at a distance may observe, as well as 
hear, the blows. Strike the anvil regularly as the pendulum com- 
pletes its stroke. Let the assistant go farther and farther away 
till he hears any single blow just as the next blow is struck. Measure 
the distance in feet. If this experiment be performed in the cool 
air of a frosty morning, and in the heated air of the early afternoon, 
it will be foimd that the assistant stands a little nearer in the after- 
noon. Care must be taken that the wind does not interfere with the 
experiment. The passage of light over so short a distance is practi- 
cally instantaneous. 

The velocity of sound in air at 0° C. is 1,090 feet per 
second ; and this velocity increases by about one foot for 
each Fahrenheit degree, or about 1.8 feet for each centi- 
grade degree. At ordinary comfortable temperatures, 
therefore, the velocity of sound in air is about 1,120 
feet per second. Variation in the barometer does not 
effect the velocity, as according to Mariotte's Law the 
elasticity (^) increases or decreases in the same pro- 
portion as the density (/^), when pressure is increased 

or decreased, and V being equal to i/rr. , the quotient 

^ remains the same, whatever the height of the 
barometer. 

The velocity of soimd in water is about 4,700 feet per second, in 

iron about 16,820 feet. Although the density of each of these is 

vastly greater than that of air, and so far as the factor of density 

go^s^ the velocity should be less, yet the elasticity is greater than 

that of air in far greater proportion. [For finding the velocity of 

sound in glass, brass, iron, etc., see laboratory manuals and college 

* textbooks.] 

Exp. 279. — Arrange two pendulums to vibrate in the same time. 
Hang from the same frame one shorter and one longer pendulum. 
Set one of the two equal pendulums vibrating in a long arc. Which 
of the three remaining pendulums is most disturbed by the vibra- 
tion? The greater vibration in this one is called a sympathetic 
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vibration, and the leaser vibrations in the two others are called /oreed 
vibrations. 

(6) Sound the timing-fork and tonch the handle to a dry botrd 
(sounding-board), or to the top of the table. Vibrations are /orced 
in the board, being communicated through the handle. 

(c) Raise the damper from the strings of the 
piano, and sound slowly several notes successively 
close by the instrument. Listen each time fort 
response. >Vhen you give the same tone as an; 
given string gives, there is a loud, sympathetic re- 
sponse from the string. 

(d) Sound a tuning-fork above a resonance tube, 
Fig. 227, pouring in water gradually till a lond 
sound is produced by the resounding of the tube 
of air. 

(f) Observe on some picnic how much more 
difficult it is to hear a speaker in the open air 
Figr* 227. tlian to hear one in a closed room. 

Re-enforcement of sound is usually secured: — 

1. By Forced Vibrations in solids. 

2. By Sympathetic Vibrations in solids, or in par- 

tially closed columns of air. In this latter 
case the re-enforcement is called Resonance. 

3. By Reflection. 

A roflootod sound-wave is shown at various stages of progress in 
Fig. 228; the advancing wave in dotted lines, and the reflected wave 
by continuous lines. Just as the 
eye cannot distinguish two simi- 
lar flashes of light, if they occur 
within a minute fraction of a 
second of each other, but con- 
siders the flashes one ; so the ear 
cannot distinguish a sound from 
its reflection, if the reflected 

sound reaches the ear within a suflSciently short interval after the 
direct sound. This interval varies slightly, as we would suppose, 
for different persons, being, however, in all cases, some small frac- 




Figr. 228. 



SOUND. 



257 



^n of a second. When the reflecting sui'faee, like the walls of an 
dinary room, is sufficiently near, the reflected sound blends with 
e direct, and thus re-enforces the original sound. If the reflecting 
rface is so far away that the reflected sound is distinguished by the 
•r from the direct sound, an echo is produced. An echo, then, is 
sound that comes by reflection, too late to re-enforce the original 
'Und. Multiple echoes are produced by parallel walls far apart, as 
« abrupt shores of the celebrated ^* echo lakes/' or by reflections 
te after the other from separate reflecting surfaces. In large 
tsembly halls the echoing is largely overcome by breaking up the 
fleeting walls by woodwork, drapery, etc. The *" resoimding'' and 
reverberating " of the hills is caused by the resonance of the par- 
ally confined air of the canyons or valleys, and also because of the 
ultiple reflections from hills to hills, hills to clouds, clouds to 
ills, etc. 

Exp. 280. — Mount two mirrors, M and M ^ Fig. 229, about 8 dcm. 
)art, and accurately facing each 
her. Suspend a watch at the 
►cus F of one, and hold a piece 
' rubber hose, one end to the 
ir E^ and the other end facing 
le mirror M at the focus F\ 
lie watch is heard ticking very 
stinctly if the experiment is 
refully performed. Regularly 
rved tins prepared by a tin- E 
lith will answer for mirrors, 
le front of the advancing sound- 
ive lies in a convex surface (Fig. 22()), between the watch and the 
st mirror. Between the two mirrors it lies in a plane surface; and 
tween the second mirror and the end of the rubber tube the front 
rms a concave curve, converging its energy to the focus. [Fig. 228.] 
(6) Fill a toy balloon witn carbon-dioxido, and, using this for a 
uble convex lens, hang a watch on one side of it, and, placing the 
r on the other side, find a point where the ticking is heard more 
stinctly than elsewhere. 

(c) A hot ball at F will cause a thermometer at F' to " rise " 
gher than a thermometer at an equal distance at the side. [Exp. 
8 and comments.] 
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Hound, iw w<j11 aH radiant energy, maj bv re&et»i» 
It Unwxn by a inirror, and refracted to a &oox» ly a lensw 

Kljt. aaw. If the Tv1\t'*'.U}m wirre lai^pe, and w««^ prep«riy mafc a* 
niljuntf^il, II |»f rnon at F, §i>eaklng reiy Um^ m^bc be Ii«y?i«&ady 
liy a imrnofi at K', and nice vertiA, acrow a lar;^ aansmbLT-baH &« 
||Allr«fy tn gallnry. Hound nannot be adTanta^Hoaly nicaeutf ^> 
l»*ti«, liMraimi* uwni ttt Ui« «n«rgy involved is kurt liy iHftiCQ^L. '5« 
•• mt nf IM<iliy«ltl«/' niM^aklng-tmmpeto, ear-innnpets^ ««« nieyei«- 
|mdla.| 

Km*. aHl. - To inoaMtin! th« wave-length. This i» the disaw* 
titilwntMi Mm (MMitor of otH^ rondennation and that of the nextcoB- 
ilMtfurtHoli In Mio imii»nilttlnK medium. [See Fig, 22i5.; It is the 
iH«ftttii'n tmvpfWMl l)y tho wave during one vibratkm p^iod d the 
ftiMiitilttitf Itody. Ttiln inUMi not l>e confounded, as is ofien done by 
l»M«lt»t»p|n, wllli tlifi ainplltude of vlbraiian of the scMioroas body, 
h to t\ 1^1^. 5l'i7. Ovt^r a r««onance tube kboot 4 cm. In diameter, 
l^l«. aat, wMtiid a tuiilng-fork, and adjust carefully the length of the 
rtl^ I'olumii fi N 1»y drawing otit or pouring in water, with a pipette- 
WliMtf thw lotulnut rnnonancc in obtained, measure the distance ^5. 
T\\\n Is rtpjiroMlnintoly (mv-fourih of the wave-length. The condena- 
llnn \\\\\n\. iirtflu down to tho Hurface iS, and be reflected so as to join 
f 1»M upwrthl motion of tho fork at A. The wave passes from ^1 to 5 
rtoit H'luinw wIiIIp tlio prong Ih making one-half of a vibration. 

{h) (fftp a ttinlng-fork of higher pitch, and observe that the 
rnflonnni'n iMilnnui innHt bo Hhortoned ; or of lower pitch, and notice 
tlml llip iMilumn nutHt bo longMioncd. 

(r) To find the vibration-number of 
a tuning-fork, that is, the "vibration- 
fro(|uonry," or the number of vibrations 
l>or Hooond. Attach with a little wax a 
lino bristle, C, Fig. 230, to one prong of 
a tuning-fork, and also one to the lead 
bob of a short pendulum P, beside which 
the fork is firmly suspended. Time the 
pondulum accurately, finding by counting 
for one minute the fraction of a second 
required for a single vibration. Prepare 
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* long and narrow piece of glass, A JB, by covering with fine flour 
sprinkled from a tin box, over whose mouth a paper perforated 
With fine pin-holes has been tied. Place the glass beneath, and 
*dja8t 80 that the two bristles just touch the glass. Swing the pen- 
dulum, and strike the fork with a small wooden hammer. I'ush the 
piece of glass along with a steady movement till it passes beyond 
Wh bristles. Count the sinuosities produced by the fork between 
Jiny two strokes of the pendulum, remembering that we mean by 

* yibration of a sonorous body a complete vibration. Compute the 
Jiumber of vibrations per second. 

The waye-Iengths in air may be found approximately 
by multiplying the length of the air column giving the 
best re-enforcement, by four. Vibration-number, wave- 
length, and velocity are manifestly related as shown by 

the equation — v 

W = - 

N 

in which W is the wave-length, V the velocity, and N 
the vibration-number. Any two, therefore, of these 
being given, we may find the third. 

Exp. 282. — Cover the plate of the air-pump deep with soft wool 
(or cotton), and upon the wool set a small alarm clock, which you 
set to ** go off " as soon as the air is exhausted. The sound is very 
faint. 

Sound cannot pass through inelastic media. Sound 
cannot tmvel in a " vacuum." No sounds can reach 
us from the sun, though at the sun the explosions are 
terrific beyond comparison with anythiiig which the 
earth can produce. No vibratory motion could travel 
in an absolute vacuum; and as light is a vibratory 
motion, and comes to us from the sun, the " vacuum " 
between us and the sun cannot be absolute. Ether fills 
this " vacuum," but sound cannot travel through ether. 
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Kxf. •2na, — l>Tt)pl«o bullets into a tnbof Hill vitCT, ud, wilk 
|iro|K'rly uljiuted llgbl, watcb carefoDj the enlugiiig v»v«u tkfj 
nic(;t. Aluiig cerUtIn line* where the oeM of the wave pndmd bj 
oiitt liiiUirt tiieeta the trough of the other vave, the wUer it lerd. 

{!•) Mdiiiid the tuning-fork, and rotate it npon fta lan^tDdinil 
■xlH in front of the ejir, or above the reMoance lobe of Rg. £7' 
AluHK till' (liftgonali tlit; rondeniation produced bf one pTong of tbc 
fork iiit^tH tliK rarufartlon produced by the other prong. Tb« two 
hoiiikI-whvcr aliinic the«e lines Interfere and destroy each otbfr so - 
UiuL 111) Houiid In inward. 

Wiitwr-witvcs fti-o destroyed by interference when the 
ci'iimL (if iiiio wave meets the trough o£ a like wave. 
Somiil-wiivcH in(j destroyed by interference when the 
[tiiiiil<:iiHiitiiiii of one wave meets the rarefaction of a 
likd wiivi^ A Htiidy of Fig. 226 will make clearer tbe 
l>li(3ii(iiiiDiii>ti of interference. 



'I'liiif- IlKlit 1h propagated by a vibratory motion is c 
pnivfii liy thA fact tiiat we may eaell; produce interferenct (if "li" 

by placing a plano-convex lens of 

~ ^.-^^ 'ong focal distance upon a lero 

jpj jjg, plate, and introducing a colored 

ray, for fnstance, yellow, as shown 
111 l''lg. '.Ml. Altiiniuli! circles of light and darkness appear, because 
i.f Lliit iiiinitliig by rclluclion of the vibratory motion in unlil^ 
liliiiKi'K. If wliiLi' IIkIil I.h lui'it, the interference produces pnsmaUi: 
rolcnf", 'I'lii'm' riildrs an' easily produced by pressing together ven 
riniily Iwu \\\vvv>. of glass in a strong light. [See Note at the be^n 
tilii|{ iif Cliaptitr XV L, and Difrraction.] 

l':\i'. I'H^, -- Jlimnt upon a smaller circle of 
noiiil 11 Hioul riri-iiliir card Z dcm. in dlamel 
IlinuiuU uhli'li, aboiii. Ibo edge, holes 2 ( 
upitrl. and r> itini. In dlamcti-r have been cut by y- 
u " ci)rk.-biir<'r." Clainpa glass tube of c 
hi'I'Uku i'<|Ual to lliat of aiw, of tbe holes, and 
half <>l<iM'd by melting at tbi> end, so that tbe 
tidii< piiiiits bori»)iitHlly at any bole, just clear- 
ing thedisk. Connect u rubber tube to the other 
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end, through which to blow. Turn the mounted disk, increasing the 
speed while blowing through the holes. Observe the rise In pitch after 
the puffs have increased in frequency sufficient to produce a musical 
tone. 

(6) Turn a given number of times per minute, and then double 
the number of times, timing the turns by two pendulums. Notice 
that the difference in pitch is an octave. 

Pitch depends upon the rapidity of the vibrations. 
If the vibrations per second are greater, the pitch is 
higher. Such an apparatus as is shown in Fig. 232 is 
called a siren. Mechanism for revolving the disk 
steadily and for automatically counting the revolutions 
is attached. The tone of the siren is brought into 
unison with the tone whose vibration-frequency is to be 
measured, and the disk is then revolved for one minute. 
A simple multiplication of the revolutions into the num- 
ber of holes, and this product by 60, gives the pulses, 
or vibrations per second. An octave is produced by 
double the number of vibrations, or by one-half the 
number of vibrations which produce the given tone 
from which the octave is measured. 

Exp. 285. — To a dry sounding-board fasten two heavy blocks of, 
wood, C, E^ Fig. 233, a little longer than the board is wide, that they 

Fig. 233. 

may be screwed to the table conveniently. Fasten two triangular 
strips, A and B, to the board, three feet apart from apex to apex. 
With a spring balance at J), stretch a spring brass wire (No. 22) 
between the tension pegs G and F, till the balance shows a tension 
of from six to eight pounds. The apparatus is called a sonometer. 
Using a square, and measuring along the string from B, but working 
from A towards B, mark off upon the sounding-board below |, f , J, 
i» It A» ^^^ ^ ^^ ^^^ string. Pluck the string with the right hand, 
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tM'iir //, iAm'ry\x\y^ lU Umtt as the irlK4e 
Kf'iiN|; iUv Miring iM'ar yl, li^a^'ing { of h free to 
again, lt«'|M'at %MM'Atim\\*'\y^ U^\'ui% j, J. 
of iUv Gamut or l>iatouic Scale are beaid. 

{h) Hir**U'\\ two precliK?]y similar wires nde In- 
ii|xin th«4 fM'^'ond a tension four timet as great m 
Ailjunt <'ar«'fu]ly, jarring the apparatus so tliat 
out an njiK'h as (HMslble. Kun through the octane 
firni^ and IniUK^dlatifly sound the second. It should be ia laisn 
with iUt* nnU'i glvi'U by one-half the first. 

(/') Htr<*U'h two wires of the same materiaL hut one faaTiK tvice 
till* ilUniiM4*r of th<f other (Kos. 22 and 16 about). Placie eqosl vor 
slon upon ««af'li, and, ninning through the octave upon the b»mr, 
IninM'dlitli'ly sound the lighter string. lialf the first should be in 
unison witli the whole of the second. 

liHir of HtriUfffH. 'Hie vibration-numbers of strings 
of ihn HiuiHi niai<U'ial yixry inversely an the length*^ dirtdlij 
an till*. Mf/iiun' roof of the tensiorui^ and inversely as the 
iCnimi'ti'rn, 

To nilsi^ the piU'h of a string one octave we may reduce its length 
o/»/' hiilj\ or we niiiy niiike tlie tension four times as great, or we miy 
rediM'f its dliini<'t(*r one-lialf, in each case leaving the other condi- 
lloiiH till' Nil UK*, 'i'o lower the string one octave we may double the 
IiMigtli of till* string, or n*duce the tension to one-fourth of theorigi- 
niil hMision, or niiiicc tiie diameter twice as great, other conditions in 
fiM'li casi' I'lMiialnlng tin* same. 

'I'alilng I III* vlitnition nuinix^r of middle C as 256, as is usually 
doiH' by pliysli'lHlH, wi' liav<» for the Diatonic Scale: — 
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In German instruments the vibration-number of C is taken as 
264. Often in this country 261 is taken. The so-called " concert- 
pitch'' assigns about 269 to C. These assignments of course vary 
the other numbers of the scale, the vibration-ratio remaining the 
same in all cases. As the table shows, the intervals are by no means 
equal. Into the longer intervals of the scale in the process of equal 
*' tempering" are introduced five additional notes, called "sharps" 
of the note below or "flats" of the note above. The original eight 
notes are also slightly adjusted as to their vibration-numbers. This 
scale is called the Chromatic Scale. The five black keys of each 
octave of the piano represent the interpolated notes. 

Exp. 286. — Upon the string AB^ Fig. 234, hang riders (narrow 






Strips of paper bent at the middle) at JB, JV', and JB', W being one- 
third of the way along the string from A towards B, Touch the 
string at N one-third of the way from B with the "rubber end" of 
a pencil, and pluck the string gently a number of times near JK, in- 
creasing gradually the disturbance till the riders B and W jiunp off. 
The two points, N and JV', which are comparatively at rest, are called 
nodes, and B and B% the points having the greatest energy of vibra- 
tion, are called antinodes. 

(6)- Divide the string similarly into four vibrating segments, ob- 
taining three nodes as shown by attaching additional riders. 

(c) Pluck the string at the center, and listen for a strong lower 
tone, and as the sound dies away for less intense tones of higher 
pitch. 

The tone produced by a string vibrating as a whole 
is called the Fundamental Tone. The tone produced 
by any vibrating segment of the string is called an 
Oyertone. It is impossible to produce the fundamental 
tone without at the same time producing overtones. 
By skill in applying the disturbing force we may 
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iM^Toolilo (ho fufiiliiirMfiitJil tone aruri -HaaPHurtaeL ie 
msoi(mHp«*» or viir vi^md, Thw vas^v ?^ <S>iih- •vrnumi; 
^linnplh^ dm Htrllif; and forcing a EUi»it^ ;la^ in. :uii^ 
MH|tiMiinpM(, ir Uin vibration-number <ot dio. (i^^tirsimt 
Im i^ ^\\\\\\\ inuldpin of that of the fiUMJsuBii(»LiseL i^^mi;. <i^ 
nf Mholhor nvorlono, an two time<f, thri^ie' ctk*. sbc 
iiiMi><9i olt'ii (ho (otiPH hUnd pleaHantlv, aun;(i i£i^ ^i^rite: 
|iMu>!4 mo oullod svilh roronuice to the lower HanBiBis- 
If h jioilniinor oxoroiMoM nkill in applTin^ nik* ^ 
(MlhiMioo mo Uf< (o oiifoohh) th(5 fundamental irx&ii' ;ibii^ 
ftlh'hulhoM I ho **hhMulln^^** ovnrtone-s of hi* iBS-nr^aiiEiiiii- 
ho |q ^[\\{\ lo ho |»lu)'hi^( ** in hannonic»/* 

\VIh*m ll»nnMMMn»» whoKo vniriitlon.iium>M»r» are a»4:5:<5lC.E.^ 
Ml- iIm, Hilt «io)) ntv iiouu(tt^<l tuKotlior, th(! harmonic eombnaikB » 
MhMimI rt m»UMf h^ih^,* nuil If four noUm whcwe vibration-niimben w 
4!nrti:»0'» ^li <^ <*'• Of «!«», ml, i««l, do) are soimded to^etkr a 
tH»U»tf »7>»if»l li« )ihu(ttoml. |Nno minor chord and harmonjin 



t 



I'.^o. ^Mf. Itiih^ n Itolo Miroii^lt Uio center of a thin piece of 
^Ito^o, I'iU. VUti, iOhmiI mho font H(|UiU'c, iitid mount upon a block of 

tuo'il wood by nuMitiH of a long screw. Put a 
'/" linol nviihIum' bolow the glass and a lead and 

> rt \\v\\nn or ropprr wiiHher above. See that the 

I I wtirfio'o In |M«rf(M'tly b'vel. From a €in can cov- 

FliTi Hnn, ^j^^jj ^^.jijj j^ ftjont paper perforated in many 

pbo'pq by pin bolos wprlnKlo llm* huihI U]>()n the i)late. Forcing a 
iioiIm by loiii'bliiu I bo pboo wllb ii poncll at a point about half way 
from Ibo mttiylu tow«r(l« l!i»^ ronlor, Mot the plate in vibration with 
ttn old violin bow. ObwiMvo tln^ nodal linos and roughly the pitch of 
tbo tonn«. 

(h) Mrnwb cdT llio miomI, itnd covi'r a^Jiln as before. Force a node 
lit \i dllTrn-nt point, and ol)sorvn tb(» nodal linos. Is the pitch higher 
or lower ? A re tbo vlbratlni^ sojjnionts larger or smaller than before ? 
[See ('hladnfs Figures in larger works.] 
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The fundamental tone of a plate or bell is given 
when it vibrates in four segments. The smaller the 
vibrating segments the higher the pitch of the over- 
tones. Many of the overtones of the plate are not 
harmonics. All of the intense overtones of a fine- 
toned " chiming-bell " are harmonics. 

Sounds of excessively high pitch, and therefore overtones of the 
same pitch, are disagreeable to the ear, especially if the intensity is 
great. For example, the sound when a stick of chalk is drawn 
against the board at an angle of nearly 90° is at once protested against 
by every one present. Sounds of extremely high or of extremely 
low pitch (vibration-frequency great or small) become inaudible, 
just as rays of radiant energy of extremely high vibration-frequency 
(above the violet), or rays of extremely low vibration-frequency 
(below the red), become invisible. Indeed, color in light corresponds 
precisely to pitch in somid, the violet corresponding to high pitch, 
and red to low pitch. Different ears vary, as we would suppose, in 
their appreciation of pitch. It is not a very uncommon thing to 
find a man who cannot "hear the cricket " because of the extremely 
high pitch of the sound, nor again to find a man who cannot hear 
the rumble of distant thunder because of the exceedingly low 
pitch. 

Exp. 288. — Make a wind instrument about 8 dcm. long of thin 
dry wood. Let the cross section inside be about 4x4 cm. Prepare 
a plug P, Fig. 236, covered 
with soft leather, carefully 
fitting the tube of the in- 
strument and attached 
firmly to a handle. Sound 
the closed pipe, blowing ^* 

with just sufficient force to produce a clear tone. Open the pipe, 
and sound again a clear tone. Observe the difference in pitch. 

(h) Tune the string of Fig. 233 so that its fundamental tone is in 
unison with the wind instnmient when the plug is inserted a short 
distance. Rule a line on the handle guided by the end of the tube. 
Call these unison notes the key-note, or Bo. Sound Re on the string 
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anil piuth III the plug till the tones are again in imi«m. Maik agiin 
U|N>ii tlui liuiidlu the diHtance. Kepeat till all the noces of the ocUTe 
an? Moiind«Ml. Ueinove the plug, and observe the internals as marbd 
upon tli(^ haiidh*. Compare the relative sizes of the intervals vith 
thoMd upon tli» sounding-board beneath the string. 

(r) Without changing the plug, blow gently and then somewbat 
violunLly, ol)H(*rving the difference in pitch. 

Wind IiiHtruments are instruments inclosing more 
or leHH completely columns of air. These columns are 
tlirown into vibration by pulses of air thrown across an 
opening at one end, or by the vibration of reeds 2^ one 
(iud. All open pipe gives as its fundamental a tone one 
octave higher tlian a closed pipe of the same length, or 
the Hanio tone as a closed pipe of one-half its length. 
In both Cvlosed and open pipes the vibration-number is 
inversely proportional to the length of the pipe, the 
law being the same as for strings. To produce ton?s 
of the best quality, however, the cross section must 
incuHMiHti with the length of the pipe. 

'J'liii fundaniontiil noto of a closed pipe is produced with a node at 
tlii^ cloMiul ««n(l, whih'. that of an open pipe is produced with a nod6 
at tho (M»nt(T (5n(l and antlnodc at each end. This may be shown by 
lowiM'ln^; a thin dJHk carrying fine sand down into the pipe while it 
Im Hounding ItH fundanicintal note. In instruments of which the fife 
1h a type, tlic colunni of air is shortened by opening holes from one 
on«l towanlM tlu^ other. The notes of the second octave in the fife 
an^ pro(ln(M!d by skillfully blowing so as to set the air column vibrat- 
ing in shorter Hcgnients; that is, the second octave is played ">" 
hannonicH." 

Kxp. 2ft0. —Sound the string of Fig. 283 vigorously, and lessen 
the tension while It is sounding. A discordant, "groan-like" sound 
U heard. 

(h) Strike two adjacent keys of the piano and hold them down, 
listening to the varying intensity of the resultant sound, or 
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(c) Attach a piece of wax to one prong of the tuning-fork. This 
rill retard the motion of this prong. Sound the fork upon a sound- 
ng-board. 

Beats are heard when two sounds are produced hav- 
ng their vibration-numbers different by a small but dis- 
iinctly perceptible amount. The two condensations at 
irst coming together cause an outburst of sound, and 
:hen the condensation produced by one meets the rare- 
"action produced by the other, causing ^ great weaken- 
ng of the sound. Beats are characteristic of discordant 
jounds, and they are produced by a species of inter- 
lerence. 

The action is precisely similar to that of two water waves of dif- 
ferent wave lengths, and consequently of difiPerent wave-frequencies 
[vibration-numbers), advancing over the same surface. Part of the 
;ime the two waves would meet in like phases and the two crests 
nrould make a higher wave, and part of the time the two waves 
vrould meet in imlike phases and the crest of the smaller would 
[)artly fill the trough of the larger. 

One sound can differ from another sound only in 
three respects : — 

1. In Intensity. 

2. In Pitch. 

3. In Quality. 

The intensity and pitch of the fundamental tone being 
the same, the Quality of any sound depends upon the 
Qumber, kind, and relative intensity of the overtones 
present. 

For instance, if a flute and a fife should sound one after the other 
a tone of the same fundamental pitch and intensity, the two notes 
could be instantly distinguished by the quality of the sound. We 



2C8 



ELEMENTS OF PHYSICS. 




UBiially iliatlnguisb voices aB well bb inBtrtuneata by their qii»lilj. 

]f llic pitch of a person's voice la exceptionaUy high or low," 

Bomttiraes recognize the voice by the pitch. 

Ilelmlioltz proved by very interesting experiment* the natmeoi 

quality In gound, and showed, tor instance, that the notes ol il>s 
flute are far ' ' richer In hanacraica" 
thau tliose of the fife. By menu 
of a series of metallic resonaW 
Fig. 237, from large to small, « 
may analyie sound waves. The 
end E is placed at the ear, aud ll^e I 
sound nave enters at 5, cansmg 1 
the resonator to resound mil ' ] 
sympathetic vibration whenevtr 
the overtone m unison with U* 
fundamental tone of the resona- 
tor is present in any note Snct 
resonators are called Helnioltf' 
Remnatorfl. The resounding 
of shells placed to the ear i> 
and by multiple reOections of souivl' 
lalded ear 

Exp. 200. — Place the fingers upon ihe laryn\, and sound first * 
high note and then a low one The larynx is first raised and tb^*^ 
depressed. Why ? 

<')) Examine the vocil cords from some animal (cat, dog <^ 
sheep) after the "false local cords ' above have been cut awa^ 
Tlie tendon-Uke chords ((Oii>entionati2ed as AB 
ami CD in Fig. 2:k<) have membraneous attach 
ments {sliown by the niled lines) covering on 
each side the orifice opening upward from the 
larynx. The central opening ii called the glollis 

(c) Examine the middle and Internal ear In 
some animal, and also cuts of the buman ear 
in some pliyslutogy. 

The Vocal Chords aituited at the top of the 
larynx are the essential ot^na of the voice the 
pharynx and moutii operiting is a resonance tube 
action these chorda may be placed under greater or less 
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Afferent indiyidoals they may be longer or shorter, ^^ heavier or 
lighter/' or stretched with greater or less force. Cultivation of the 
voice in music consists principally in improving its quality, that is, 
in acquiring skill to produce from the vocal chords more numerous 
and more agreeable overtones to blend with the fundamental 
tone. Mechanically the vocal apparatus is a reed instrument, and 
the middle ear is a drum. The receiving membrane of this drum 
vibrates with sympathetic or forced vibrations, and communicates 
these Yibrations to a second membrane. Between these two mem- 
branes the drum has a vent to the pharynx through the Eustachian 
tube. 

Exp. 291. — Fasten a linen thread to the bottom of two tin cans, 
or connect them by a fine wire,. Fig. 239. The thread or wire C 
transmits readily the sound wave 
entering -4, reproducing similar -Ai""^>*...^^_C 
sound waves in the air at B. p^^ 230. 

In the ** aconstic telephone ^ sound is transmitted over the wire 
or connecting thread by the ordinary series of condensations and 
rarefactions. 

Exp. 292. — Make the delicate galvanoscope more delicate by 
placing the north-seeking pole of a bar magnet north of the needle, 
and bringing it "end on" as near the needle as possible without 
causing it to swing. This weakens the earth's force lines by pro- 
ducing force lines in the opposite direction. Wind about a round 
bar magnet at one end several hundred turns of fine ^copper wire, 
and at a distance of at least one meter attach the galvanometer 

G, Fig. 240, covering it 

^ " — " -. — . . with a glass case to pre- 

■ y 3 vent drafts of air. Bring 

_ a piece of soft iron A 




Figr. 240. 



suddenly against the 
magnet. The needle 
should turn very slightly. The force llrfes are drawn forward to the 
soft iron and thus more of them thread the coil, giving an induced 
anti-clockwise current. Withdraw suddenly the armature A, a cur- 
rent passes in the opposite direction. 

(&) Prepare two thin sheets of tin-type iron (diaphragm), A and 
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^1 t\ik V^ti Miut m*i th(«m Vfry ni»r aad ia fiEoiitof twn fixed fav 
M«(«MH««I« nfl^^r wtmUitK Uio nuigneu as before. Ccumect c&s winsai 
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«» ni'l'»Hlf. |IfM»fc- 

of t&ft fisE^ Ones 



Mu^ ^Mt^^iu'l Ml ( Mlmll imMM Around the magnet at B 
^\\v\\^^\\\'\\\\\^ \\\%^ |H»lo Mi //. Lot the soft iron d]ai>iiragBL ce^ apA 
v^^HH^v'h «u|«|HvH>i MO thtit though very near thej shall not coacfr 
Ou^ ^^H^iMou. lot Mtmo Olio ittrike very gentlj with a pcnexl c&is 
^\h^'lM<t^^h\ L ^^ hllo you liMton with the ear near B. 

\. \ ^'^^^uUuo I ho ivoolvor of the Hell Telephone, Pig. 2-I2L 

Tho ll^ll IVIt^lillOIIO is an apparatus for piodoemg 

w \\Mi\\\\'\^ IhMU (ho 

In h\p<uw of oloolri- X |[^5 r 

oily. Tho ^oun\l \loo8 ^| ^J 

\\\s\ p«\Ms o vor t ho ^*^- ^^^* 

\\ih\h\U {\\\ iniluvMMl ounvnt piussea. This current is 

{\n <n\MM \\iih ivspoot [o tho speaking end, and a cause 

with ti\^po\M lo iho hourini;^ ond. 

T\\^ phMVMon of lolophonlug may ho stated as follows: — 

1. 'I'ho voortl ohot'tij* of Iho spoukor vihrate. 

V?. Thin vlhmttou pmduoos !»ound waves in the air. 

n, ThoHO m>und wavoji j»(Mkinj; tho diaphragm cause it to vibrate. 

4. Am Iho dlaphrftjirni swlnj^s uoart^ tho magnet more force lines 
aro drawn forward lhrou.«:h tho ooil to rt^turn to the south-seeking 
polo thi*c)Uju:h Iho soft iron, instoad of ])assing outward through the 
side of the coil [soo Fig. 140j. As the diaphragm swings farther 
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away less force lines thread the coil, more passing out at the 
side. 

5. Increasing force lines threading the coil produce an anti-clock- 
wise induced current, and decreasing force-lines produce a clockwise 
current. 

6. This induced current passes around the magnet at the receiv- 
ing end first to strengthen the magnetism by adding its force lines 
to those of the magnet, and second, to weaken the magnetism by 
subtracting its force lines from those of the magnet (by sending them 
in the opposite direction). 

7. This iiicreasing and decreasing of the magnetism at the hear- 
ing end draws forward and releases the diaphragm so that it vibrates, 
if the apparatus is perfect, just like the diaphragm at the speaking 
end. 

8. The like vibrations of the second diaphragm produce as an 
effect sound waves in the air like the causal air sound waves at the 
speaking end. 

9. These sound waves strike the outer membrane of the ear of 
the listener, and are heard as the primary air sound waves would be 
heard. 

Soon after the invention of the telephone, it was 
found that it was better to use a different instrument 
at the speaking end, especially for long distance work. 
Indeed, the simple Bell telephone, as represented above, 
because of the exceeding weakness of the induced cur- 
rent, will work only on short distances. This instru- 
ment is called a Transmitter, and its operation involves 
the use of a battery or other " generator." Its prin- 
ciple is that of the Microphone [which see in larger 
text-books]. Variation in the pressure with which 
two carbon terminals behind the diaphragm are held 
together causes the resistance to vary greatly. For 
this reason the current will vary greatly and in pro- 
portion. 



272 



ELEMENTS OF PHYSICS. 





The Blake Transmitter with connections is shown in Fig. 24S-> 
The current from the battery F passes through a primary coil be- 
tween F and F^ to 
the insulated spring 
E through the carbon 
terminals C, from the 
heavier spring E^ bacl^ 
to the battery F. A^ 
secondary current SS'^ 
passes over the line 
wire to a station in 
which the apparatus 
is duplicated ; but th.e 
hearer places his ea.r 
to the Bell receiver 
corresponding to R. 
As the diaphragm 
vibrates, the varyin 
pressure gives a vary 
ing primary curren 
and consequently 
varying secondary. This varying secondary produces vibrations i 
the receiving diaphragm. 

The Phonograph is an instrument for recording and reproduci] 
sound waves. The principle upon which it acts is very simpl< 
Fig. 244 represents the vibrating diaphragm D, the attached " style 
5, and a portion, CC\ of the wax covering the hollow cylind* 
upon which the style makes indentations, when- 
ever sound waves strike the diaphragm. The 
cylinder is steadily revolved with a progressive 
forward motion, causing the style to trace the 
indentations in an open curve from one end of 
the cylinder towards the other. Whenever the 
sound is to be reproduced, the style and cylinder are brought iem. "to 
the same relative position as at the beginning, and the cylinder* is 
again revolved. The style rising and falling as it passes along t"be 
curve of indentations causes the diaphragm to vibrate as before. 
This produces secondary sound waves in the air like the causal SLTid 
primary waves. 



Fig. 243. 





FifiT. 244. 
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^OTE. — The characteristics of soundwaves may be studied by 
means of sensitive flames. The peculiarities of different sounds 
are thus made visible. See Tyndall on. Sound, and larger text-books. 

QUESTIONS. 

1 . What is the condition of a sonorous body ? 

2. Upon what does the intensity of sound depend ? 

3. Define pitch, quality, resonance, echo, sympathetic vibrations, 
'^ave-length, interference, siren, node, overtone. 

4. What effect has a rise in temperature upon the velocity of 
sound in air provided the barometer remains the same ? 

(6) What effect if the barometer falls and the thermometer re- 
^'^ains the same ? Why ? 

5. If the tube giving the best resonance for a fork is 13 in. deep, 
a^ici the temperature of the air is such that the velocity of sound is 
-^116 ft. per second, what is the vibration-number of the fork ? 

6. The vibration-number of a fork is 384; what is the depth of 
*t;s resonance tube, if the temperature of the air is 0® ? 

*1, We hear the whistle of an engine 5 sec. after the jet of steam 
*s Seen, and the temperature is — 10° C. How far off is the engine ? 

8. In what three ways may I raise the pitch of a given string one 
^etave ? 

Q. How are pianos *' tuned " ? (6) Closed organ pipe^ ? 

10. A string with a tension of 16 lbs. gives E. What tension 
^^xist be placed upon it to give A ? 

11. What is the difference between overtones and harmonics ? 
(^) What is meant by playing in harmonics ? 

12. When the wind is blowing against the sound waves produced 
^S'' a bell, why can one on the top of a tower sometimes hear the 
"^^11 distinctly, while one at the bottom cannot hear it at all ? 

13. Why is the pitch of the bell of an approaching engine higher, 
^^<i that of a departing engine lower, than the tone when the engine 
'^s standing still ? [Compare approaching and receding stars under 
spectroscope.] 

14. Why does the listener at one end of a long pipe hear two 
^lows when only one is struck at the other end ? 
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15. Tho report of a gun returns to the gunner in 2^ seconds, hot 
far olf U the reflecting surface, provided the temperature is(f? 

10. If lycoiKxliuni powder is sprinlded over the inside of a long 
gluHs tul>c, and the tube be made to resound by blowing into one end 
of it through a whistle, why does the powder gather into heaps 
along the Uxhe. ? 

17. What are Helmholtz*8 resonators used for? 

18. In what one or more of three ways do the Tocal chords of a 
bass singer <liiTer from those of a tenor singer ? 

10. Give a good substitute experiment in place of one used in 
this eliapter. 

20. This chapter on Sound might have followed the chapter on 
the Pendulum. Can you think of any reason for placing Sound 
after Klectrieity ? (/>) For placing Sound after Light ? (c) For 
placing Light after Sound ? 



.^i and 
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SECTION I. 

TOOLS, APPARATUS, ETC. 

1. Among the tools and apparatus most needful may be 
enumerated a good knife, hammer, large and small screw- 
driver, fine-toothed saw, key-saw, flat, triangular, and rat- 
tail files, miter-box, a square, pair of pincers with cutting 
edges combined, pair of scissors, gimlets, bitstock and bits, 
set of awls with stock, half-inch and quarter-inch chisels, 
vise, a pair of compasses, calipers, small grindstone, small 
turning-lathe with tools, small emery wheel, soldering kit, 
a steel glass-cutter, a brass protractor, a bottle of liquid 
glue, etc. 

2. For the more expensive apparatus may be mentioned 
(with approximate cost) an air pump, $25 ; a pair of scales 
with two sets of weights, 1 mm. to 1 kg., and 1 gr. to 1 lb., 
$25 ; a Toepler-Holtz or a Wimshurst machine, $35 ; a dy- 
namo, $45; and a spectroscope with a scale attachment. 



3. Cheap apparatus is easily obtained by visiting the 

grocer's, tin-smith's, plumber's, locksmith's, glazier's, hard- 

"""^^e merchant's, brass works, junk shops, etc. This in- 

, , ' * * Ti-chimneys, broken glass for the sides of tanks, 
blows when on. j ? o r 
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and for other apparatus whose inside must be seen, screw- 
eyes for " leveling screws " and for innumerable other uses, 
copper rivets with washers for "binding posts/' brass 
screws, copper tacks, iron screws, nails, brads, double- 
pointed tacks, bullets, short brass rods, etc. Dealers are 
often more than willing to give such things for the benefit 
of the school, especially in the smaller towns. 

4. For cutting holes in rubber corks, hollow tubes of 
brass or iron, sharpened inside at one end with a rat-tail 
file, may be used. Often one-half of the cork answers the 
purpose, and saves much work in boring. Two tubes of 
different sizes will be handy for cutting leather washers. 

5. Round hollow brass buttons are excellent for knobs 
on frictional apparatus. 

6. In boring glass, pieces of small rat-tail files set in the 
lathe will do well. These should be wet with turpentine, 
and occasionally a bit should be broken off the boring end. 
Glass may be bored very rapidly in this way, a larger file 
being used after the hole is through. 

7. To cut a glass tube, break the surface on one side 
with a three-cornered file, and, placing the two thumb-nails 
precisely opposite, break. Before running these cut tubes 
through corks or into nibber tubes, fuse them slightly at 
the ends to prevent their cutting the cork or tube. In 
bending a long glass tube heat some three inches, at least, 
of its length. 

8. Before putting hot sealing-wax on glass warm the 
glass slightly. 

9. To prevent temporary leakage of air through sealing- 
wax into a partial vacuum, vaseline or paraffine the wax. 
For such vessels, however, cement of the right hardness 
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should be used, and for permanent unions generally cement 
is to be preferred. 

10. Very delicate dynamometers may be made by coiling 
fine spring brass wire and setting the coil into a frame with 
a pointer attached. Care must be taken not to strain the 
spring beyond its limit of elasticity. A dynamometer may 
be made roughly self-registering when used horizontally 
by carefully adjusting a very light strip of wood moved by 
the pointer. 

11. Other freezing mixtures, as sodium phosphate (9 
parts) and dilute nitric acid (1 part) may be used. These 
may be found more convenient in summer in a very few 
places where the ice man is farther away than the druggist. 
For the composition of other freezing mixtures see the cy- 
clopedia. Salt and ice properly mixed, and in quantity, 
give a temperature of — 22°, but of course the pupil will 
fail to get so low a temperature. 

12. To make soft iron, keep iron red hot for some time 
in charcoal coals, and, removing, cool slowly. To harden 
iron or steel, heat to the red heat and plunge suddenly into 
cold water. 

13. In diluting sulphuric acid pour the acid into the 
water and not the water into the acid. In the later case 
the layer of water next to the heavier acid gets heated and 
may produce a bad spattering of the acid and water. Dilute 
in a porcelain or annealed glass dish. This will stand the 
heat developed. 

14. Raw silk threads from a cocoon are best for sus- 
pending a needle. A jeweled needle from a small com- 
pass is excellent for a galvanometer needle. It is better to 
pivot than to suspend the needle for this purpose. A piv- 
oted needle does not get out of order so easily. 




278 ELEMENTS OF PHYSICS. 

15. A current reverser is easily made by arranging two 
switches, S and aS', as shown in Fig. 245, between two 

sets of binding posts, AB and CD. 
The dotted connector (a flat strip 
of black walnut), moving between 
two stops, turns both switches at 
the same time and prevents short 
circuiting. By moving the strip 
but half way between the stops, 
Pifif. 245. the circuit is broken. When used 

in connection with a low resistance galvanometer, the wires 
connecting the binding posts should be very coarse. Brass 
tacks with broad heads answer well for switch-points, and 
brass screws or binding posts with double copper washers 
hold well the lever of the switch. In all accurate work 
the current should be reversed through galvanometers, and 
the average deflection taken. Gravity cells, when not in 
use, should be kept closed through a high resistance coil of 
fine German silver wire (500 ohms). 

16. To darken the room, arrange a curtain of black cloth, 
A, Fig. 24G, outside 

the ordinary curtain, i B 



X 



B, wider (by six inches 
on each side) than the ^^^' ^^®* 

window, and sliding in wooden pockets, CC, surrounding 
the window, the pockets being painted black inside. This 
makes an exceedingly convenient method of darkening the 
room at will. Excellent concave and convex mirrors may 
be made from watch crystals by covering on the convex 
side for concave mirrors (and vice versa) with soft tin foil 
coated with mercury. The glass must have been pre- 
viously well cleaned and warmed. The mirrors should 
then be well dried, and mounted in wooden frames. 
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Cheap " magnifying lenses " (convex) are easily obtained 
from the dealers, either mounted or unmounted, or 
from photographers. The eye-piece of the opera-glass 
is a concave lens. Glasses for the near-sighted are also 
concave. 

17. The frontispiece, of course, represents the spectra 
only approximately. Bands of light without distinct lines 
appear in nearly all. This is especially noticed in the 
potassium. 

18. In Fig. 188 the arrows are arranged to show the 
direction of the current when the apparatus is used as a 
motor. The same is true of the + and — poles of the soft 
iron core of the armature. When used as a dynamo, the 
current in the armature during the movement through the 
first quarter tends to make the upper pole positive, while 
the field magnet tends to make it negative. 



SECTION II. 

MENSURATION RULES. 
D = diameter f C = circumference , and R = radius ; h = altitude. 

1. 71 = 3.1416. 

2. C = 7iD. 

3. Area of triangle = base x ^ ^. 

4. Area of circle = i nD'^ or nRK 

5. Area of ellipse = product of axes x J tt. 

6. Surface of sphere = nD^ or 4 nR^ 

7. Volume of sphere = ^ nl^. 

8. Volume of pyramid or cone = area of base X ^ h. 

9. Volume of a cylinder = area of base X h. 

10. Volume of material forming hollow cylinder = difference 
of areas of basal circles X h. 
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11. Volume of the frustum of a pyramid or cone = ^ ^ X [area 
one base + area other base + the square root of the product of the 
two areas]. 

Note. — The area of a circle whose diameter is 1 is 1 of ir (.7854). The 
volume of a sphere whose diameter is 1 is i of ir (.5235). 



SECTION III. 



RELATIVE DENSITIES (Sp. Gr.). 



SOLIDS. 



Aluminimi 2.67 

Beeswax 96 

Brass (cast) 8.38 

Cedar 55 

Cork(air driven from pores) .24 
Copper (sheet) .... 8.89 

Diamond 3.53 

Glass (crown) .... 2.52 

Glycerine 1.26 

Gold 19.36 

Human body 89 

Ice 92 



Iron (bar) 7.79 

Iron (cast) 7.23 

Lead (cast) 11.36 

Magnesium 1.75 

Oak, white 78 

Pine, yellow 46 

Platinum 22.06 

Potassium 86 

Silver (cast) 10.47 

Sulphur, native .... 2.03 

Tin (cast) 7.29 

Zinc (cast) 7. 



Alcohol, absolute . 
Alcohol, common . 
Carbon, bisulphide 
Chloroform . . , 
Ether 



LIQUIDS. 

.80 



.83 
1.29 
1.53 

.72 



Mercury 13.59 

Milk 1.03 

Olive Oil , .91 

Sulphuric Acid .... 1.84 

Water, distilled, 4° . . 1.00 



Note. — Different specimens of the same material will vary slightly 
in density. All tables are more or less approximate. 

GASES. 
Standard : air atQ° C. ; barometer at 760 mm. 



Air 1.00 

Carbon dioxide . . . 1.53 
Chlorine 2.45 



Hydrogen 069 

Nitrogen . . . . . .971 

Oxygen 1.105 
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SECTION IV. 



NORMAL MELTING POINTS. 



Alcohol -130°C. 

Beeswax 62. 

Brass 1020. 

Butter 33. 

Fusible Metal . 91° and upward 

Gold 1250. 

Ice 0. 

Iron .... 1500 to 1000. 

Lead 334. 

Mercury — 39.5 



Platinum . . 1775° to 2000° 
Potassium .... 62.5 

Saturated Solution NaCl — 22. 



Silver .... 
Sulphur . . . 
Tallow (fresh) . 
Tin . . . . 
Turpentine . . 
Zinc . . . . 



1000. 

115. 
43. 

235. 
-27. 

433. 



Note. — The solidifying point is the same as the melting point, i.e., 
they are so nearly alike that we have no means of measuring the differ- 
ence between them. If freed from air and kept very still, water may be 
cooled far below its normal freezing point before solidifying. At the 
slightest disturbance such water at once solidifies with a rapid rise in 
temperature toO°. Pressure also affects the melting or solidifying points. 



SECTION V. 



SPECIFIC HEATS. 



SOLIDS. 


Aluminum 


. .212 


Bismuth . 


. .020 


Brass . . 


. .085 


Chopper . . 


. .093 


Ice 


. .504 


Lead . . 


. .031 



LIQUIDS. 

Alcohol . . .597 
Lead (melted) .040 
Mercury . . .033 
Turpentine . .432 
Water . . 1.000 



GASES. ^ 



Air . 


. .237 


Chlorine . 
Steam . 


. .121 
. .481 



Note. — For the purpose of the solution of problems more readily, the 
specific heats of ice and steam may be taken as .5. 



1 With pressure constant. 
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SECTION VI. 

NORMAL BOILING POINTS (Barometer 760 mm.). 



Water, distilled . . . 
Saturated solution Na CI 
Saturated solution KNOs 
Saturated solution Ca CI2 



100/' 

102. 
116. 
179. 



Alcohol 78°. 4 C. 

Ether 34.9 

Mercury 350. 

Sulphur 448.4 

Sulphur dioxide . . — 8. 

Note. — Water, if freed from air and kept very quiet, may be raised 
far above its normal boiling point without ebullition. If disturbed, it is 
then likely to boil with explosive violence. The nature of the material 
of which the containing vessel is made, and other causes not mentioned 
in this book, influence slightly the boiling point. 



SECTION VII. 

LATENT HEAT OF LIQUEFACTION AND VAPORIZATION. 



LIQUEFACTION. 

Beeswax 97.2 

Lead 5.4 

Platinum 27.2 

Potassium nitrate . . . 47.4 



Sulphur 9.4 

Tin 14.3 

Water 80.0 

Zinc 28.1 



VAPORIZATION. 

Alcohol 202.4 

Ether 90.4 

Mercury 62. 



Turpentine 
Water . . 



74. 
537.1 



SECTION VIII. 



COEFFICIENTS OF EXPANSION. 



LINEAR. 



Aluminum 0000222 

Brass (ciphers omitted) 188 

Copper 187 

Glass 086 

Iron (cast) .... 113 

1 According to Andrews, 635.9. 



Lead 279 

Platinum 080 

Silver 194 

Steel, temperec^ .... 132 
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CUBICAL. 



Gases 003667 

Alcohol (ciphers omitted) 1080 
Glass 0025 



Mercury 0181 

Turpentine 1050 

Water (4° to 100°) . . . 0449 



SECTION IX. 



CONDUCTIVITY FOR HEAT. 



Bismuth 1.8 

Brass, polished .... 33. 

Copper 77.6 

Iron 11.9 



Lead . . . 
Platinum . . 
Silver, polished 



8.5 
8.4 
100. 



SECTION X. 



NATURAL TANGENTS. 



I>Eti. 


TANG. 


DEG. 


TANG. 


• 
DEG. 

31 


TANG. 


DEG. 

46 


TANG. 


DEG. 
61 


TANG. 


DEO. 

76 


TANG. 


1 


.017 


16 


.287 


.601 


1.036 


1.80 


4.01 


2 


.035 


17 


.306 


32 


.625 


47 


1.07 


62 


1.88 


77 


4.33 


3 


.052 


18 


.325 


33 


.649 


48 


1.11 


63 


1.96 


78 


4.70 


4 


.070 


19 


.344 


34 


.675 


49 


1.15 


64 


2.05 


79 


5.14 


5 


.087 


20 


.364 


35 


.700 


50 


1.19 


65 


2.14 


80 


5.67 


6 


.105 


21 


.384 


36 


.727 


51 


1.23 


66 


2.25 


81 


6.31 


7 


.123 


22 


.404 


37 


.754 


52 


1.28 


67 


2.36 


82 


7.12 


8 


.141 


23 


.424 


38 


.781 


53 


1.33 


68 


2.48 


83 


8.14 


9 


.158 


24 


.445 


39 


.810 


54 


1.38 


69 


2.61 


84 


9.51 


10 


.176 


25 


.466 


40 


.839 


55 


1.43 


70 


2.75 


85 


11.43 


11 


.194 


26 


.488 


41 


.869 


56 


1.48 


71 


2.90 


86 


14.30 


12 


.213 


27 


.510 


42 


.900 


57 


1.54 


72 


3.08 


87 


19.08 


13 


.231 


28 


.532 


43 


.933 


58 


1.60 


73 


3.27 


88 


28.64 


14 


.249 


29 


.554 


44 


.966 


59 


1.66 


74 


3.49 


89 


57.29 


15 


.268 


30 


.577 


45 


1.000 


60 


1.73 


75 


3.73 


90 


00 
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SECTION XI. 



SPECIFIC ELECTRICAL RESISTANCES. 



84>LIUH. 



Silver 

C'opper 

Zinc 

Brass 

Platinum 

Iron 

Gennan Silver 

Mercury 



8ILVF.B 


<X)I'PKB 


BTANU- 


STAND- 


ABD. 


ABD. 


1.00 


.94 


1.0« 


1.00 


:5.74 


3.53 


3.81 


3.69 


0.02 


5.68 


6.46 


6.09 


13.91 


13.12 


0;3.24 


59.66 



FLUTDB. 



BILVEB 8TANI)AKI> 
MILLIONS. 



Nitric acid 
Sulphuric acid 
Sat. Sol. NaCl 
Sat. Sol. CUSO4 
Distilled Water 
Glass 

Gutta Percha ( 
Dry Air S 



1. 

2. 

3. 

18. 

10000. 

15 million. 

Much greater 

than the last. 



Note. — According to the definition of ohm used in this hook, it will 
be much more convenient to use the unusual copper standard for specific 
resistances in all problem work. These figures may represent ohms for 
a giv(»n length and diameter of wire made of the given material. The 
resistances in the right-hand column are expressed in millions of ohms. 
Different specimens of the same alloy vary widely in sx>ecific resistance. 



SECTION XII. 



ABSOLUTE INDICES OF REFRACTION, D LINE. 



Air . 1.000294 

Alcohol 1.36 

Carbon bisulphide . . 1.63 

C/Fown glass .... 1.52 

Diamond 2.65 

Flint glass .... 1.61 



Glycerine 1.47 

Ice 1.31 

Iceland spar (ordinary) . 1.65 

Iceland spar (extra, ray) . 1.48 

Selenium crystals . . . 2.94 

Water 1.33 



Note. — The relative index of refraction for air into the substance 
is found by dividing the absolute index (for a vacuum into the substance) 
by the absolute index for air. This relative index differs, as is easily 
seen, only slightly from the absolute index, because the absolute index 
f6r air exceeds unity by so small an amount. 
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SECTION XIII. 



VELOCITY OF SOUND AT 0" C. 



Air . . » . 

Ash (with grain) 
Chlorine . . . 
Copper . . . 
Glass .... 
Gold .... 



FEET PER SECOND. 

1,093 Hydrogen 4,163 

15,314 India Rubber .... 197 

677 Iron 17,822 

11,666 Lead 4,030 

16,488 Steel 17,182 

5,717 Water 4,586 



SECTION XIV. 



MISCELLANEOUS APPROXIMATE EQUIVALENTS. 



1 m. = 3.28 ft. = 39.37 in. 

1 ft. = 3.048 dcm. 

1 in. = 2.54 cm. 

1 sq. m. = 1.1^6 sq. yd. 

1 sq. ft. = 9.29 sq. dcm. 

1 sq. in. = 6.45 sq. cm. 

1 kg. =2.2 lbs. Av. 

1 lb. = ^ kg. 

1 cu. m. = 1.308 cu. yd. 



1 cu. ft. = 28.32 cu. dcm. 

1 cu. in. = 16.39 cu. cm. 

1 cu. cm. = .061 cu. in. 

1 liter (1 cu. dcm.) = 1.057 liquid 

quarts. 
1 liter = .908 dry quarts. 
1 gallon = 3.785 liters = 231 cu. 

in. 
1 liter = 61.027 cu. in. 



INDEX. 
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Absorption 23 

Achromatic lens 242 

Adhesion 23 

Air pump 35 

Ammeter 185 

Annunciator 105 

Arc light 194 

Archimedes* principle 50 

Aurora borealis 146 

Barker's mill 42 

Barometer 37 

Battery 162, l&i, 168, 169 

Beats 267 

Boiling 127,282 

Boyle's law 44 

Brittleness 18 

Camera 218, 2:{3 

Caplllurlty 24 

Center of gravity 92 

Chromatic aberration 242 

Cohesion 23 

Coercive force 155 

Colls 172, 180, 204 

Color 244 

Compressibility 12 

Condenser 42, 143 

Conductivity 167, 178, 283 

Couple 09, 97 

Consequent poles 152 

Critical angle 231 

Declination lOO 

Density 14, 49, 280 

Dew i:]0 

Dialysis 20 



PAGI 

DiflTraction 248 

Diffusion 25 

Dispersion 237 

DistiUation 30 

Divisibility 13 

DuctUity W 

Dynamo 206 

Echo 257 

Elasticity 19,21 

Electric bell 18? 

light 193 

Electrical machine ...... 14^ 

Electricity, static 137 

Toltaic 162 

Electrophorus HI 

Electroplating 197 

Electrolysis 196 

Electroscope 139 

Energy 63,77,88,134 

Equilibrium .... 68,70,95,106 

Evaporation 131 

Expansibility . 12,282 

Extension 9 

Extra currents 203 

Eye 235 

Falling bodies 82 

Floating bodies . . . . . . 56,96 

Fluids 29 

Force 61,62 

lines 156 

pump 41 

centrifugal 73 

Fraunhofer's lines 241, 6 

t'reezing mixture 124 

Friction 112,116 
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Galvanometer 176 

Galvanoscope 171 

Gases 29 

Geissler's tube 146 

Governor 133 

Gravitation 15 

Gravity cell 164 

Hardness 19 

Harmonics 264 

Heat 116 

Absorption 126, 131 

Conduction 117 

Convection 117 

Latent 122 

Mechanical equivalent . . . 133 

Radiation . 116 

Specific 124 

Kinetic theory 115 

Helmholtz's resonators .... 268 

Horse-power 80, 208 

Hydraulics 29 

Hydraulic ram 112 

Hydrometer 54 

Hydrostatics 29 

Hydrostatic press 110 

Impenetrability 10 

Inclined plane 108 

Indestructibility 10 

Index of refraction 227 

Induction 140, 201 

Inertia 14, 61 

Insulated post 187 

Interference 260 

Latent heat 122, 129 

Leclanche cell 169 

Lenses 232 

Lever 106 

Leyden jar 142 

Light 212 

Diffusion 220 

Dispersion 237 

Reflection 219 

Refraction 226 

Lightning rods 146 

Line of direction 94 
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Machines 105 

Magdeburg hemispheres .... 36 

Magic lantern 234 

Magnetism 149 

Malleability 18 

Mariotte's law 44 

Melting points 281 

Meteorology 130 

Microscopes 236, 242 

Mirrors 221, 223 

Moment 68 

Momentum 62 

Motion 61,82 

Motor 207 

Musical scale ........ 262 

Nodes 263 

Octave 261 

Ohm*8 law 168 

Optics 212 

Osmose • . 26 

Overtones 263 

Pascal's law ....... 39 

Pendulum .* - . 100 

Phonograph 272 

Pitch 261 

Pneumatics 29 

Polarization . . . . , . 164,248 

Porosity 11 

Power 79, 208 

Prism 228,238 

Psychrometer 132 

Properties of matter .... 9, 18 

Pulley 110 

Pump 35,40,41 

Pushbutton 187 

Radiation 116 

Rainbow 244 

Reaction-wheel 42 

Reflection 72, 219, 231 

Refraction 226 

Relay 191 

Residual magnetism 173 

Resonance 256 

Rlieostat 181 

Ruhmkorff coils ; 205 



28H 



INDEX. 



PAttK 

0<;i(Kw lov 

Hliuiit riirrctitu 177 

HilefiVii 45 

mn-ii 2fl0 

H<ilul>iilty *JZ 

H<MioiiM't«'r 261 

Huuiiil 250 

IiitcH'cn'iK'i* 260 

guiillty 267 

|{c*flcctioii 286 

Vrlorlty 256 

H|M>oin(! Kriivity 51,280 

hint 124,281 

Hp4*otroitruiM) 240, 6 

H|Nrtriiin 238,6 

H|ilirrinil iilMrnition 236 

Htmni 120 

Hti^atii I'tiKiix' 1'^ 

Hloriigo nil 100 

HtMliillty 02 

HutiNlrokc 132 

Kurfttof tniNioii 26 



Tanuknth . 
T<*IcKr<tjili . 



.... 283 
. 1S8, IW), 100 



Telephone a», ro 

Telescope ij,; 

Tenacitj . . . . ^ i^ 

Tension 19^34 

Tberuuil electricity 200 

Thermostat 195 

Tbennometers 119 

Torricelli'« exp<^riiueiit .... 37 

Toggle-joint m 

Total reflection 231 

Transmitter ^72 

Vaporization 126 

Velocity S2, 214, 256, 285 

Ventilation lis 

Visual angle 215 

Vocal chords 268 

Voltaic electricity 162 

Wave MOTION 252 

Wedge 108 

Weight 14 

Wheel and axle 107 

Wheatstone's bridge 182 

Wind instruments 266 

Work 77 



.1- 






•■/■ 



